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RÉSUMÉ
Ce projet doctoral porte sur le développement d'une plateforme informatique nommée
CogEx pour permettre aux concepteurs de mieux organiser et partager l'information.
L'objectif à long-terme est de remplacer le registre papier et d'exploiter la puissance de
l'informatique pour supporter la réalisation des projets de conception complexes.
Plusieurs théories et modèles reliés à l'activité de conception sont synthétisés dans un
modèle conceptuel fondé sur la théorie de l'activité. Ce modèle a permis d'identiﬁer et
de développer un ensemble de mécanismes qui supportent les activités du concepteur. La
plateforme innove particulièrement de trois façons : 1) toute l'information est structurée
dans des schémas conceptuels étendus, qui sont une forme de schéma conceptuel récursif,
2) deux espaces séparent d'un côté les travaux du projet et de l'autre côté la base des
connaissances du concepteur, 3) la collaboration oﬀre un espace personnel de travail qui
est attaché à un espace partagé avec des collaborateurs.
La plateforme de conception est fondée sur une architecture qui permet de répondre aux
attentes modernes des utilisateurs. La plateforme exploite une architecture modulaire qui
s'adapte à un nombre croissant d'utilisateurs, qui oﬀre un espace de stockage sur le nuage et
une interface de travail collaboratif qui fonctionne sous plusieurs systèmes d'exploitation.
En particulier, le logiciel permet de travailler et d'interagir entre un PC et une tablette
Android. Le PC est idéal pour rédiger, programmer, travailler avec les outils de conception
assistée par ordinateur (CAO) alors que la tablette est idéale pour produire des esquisses,
écrire des notes et elle est facile à transporter partout.
Le potentiel de la plateforme pour remplacer le registre papier est évalué à partir de
trois projets pilotes avec des étudiants en génie mécanique. Les participants ont utilisé la
plateforme pendant une session pour travailler sur leur projet majeur de conception. Les
participants ont donné en entrevue individuelle leurs avis sur diverses facettes de l'outil,
autant au niveau conceptuel qu'au niveau des fonctionnalités la plateforme.
Les résultats des entrevues démontrent que l'organisation dans un schéma conceptuel
étendu permet d'organiser l'ensemble des informations d'un registre de conception. Les
shémas conceptuels étendus permettent de produire une vue d'ensemble et sont plus ef-
ﬁcaces que la structure chronologique du registre papier pour retrouver de l'information
et faire évoluer les concepts. Les participants ont aussi expliqué que la division des es-
paces de projet et de la base de connaissances a un bon potentiel, mais que cette division
peut parfois ralentir le travail. La présentation visuelle et les interactions semblent appré-
ciées. Par contre, l'écriture manuscrite et le sketch ne fonctionnent pas suﬃsament bien
et devront être améliorés. Les outils de collaboration n'ont pas été évalués lors des essais
pilotes. Toutefois, les entrevues démontrent que c'est un aspect majeur pour l'acceptation
de l'outil et pour centraliser l'information partagée.
Mots-clés : Conception, Registre numérique, Éducation supérieure, Support cognitif
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CHAPITRE 1
INTRODUCTION
1.1 Mise en contexte
Le présent travail est motivé par le désir de pousser plus loin la capacité des concepteurs
à relever des déﬁs de plus en plus complexes. Le contexte actuel de globalisation impose
une compétition grandissante et la collaboration est de mise. Le processus de conception
en ingénierie intègre un ensemble d'activités qui vont de l'analyse des besoins jusqu'à la
production. Le projet cible principalement les activités conceptuelles en début de projet
puisqu'elles sont responsables de 70 à 80% du coût du produit [Rush et Roy, 2000] et
il n'y pratiquement pas d'outil logiciel sur le marché pour l'aider pendant la phase de
développement du concept. Ces activités sont d'autant plus intéressantes à supporter du
fait qu'elles incluent la majorité des interactions avec les connaissances [Reed et al., 2010].
Les activités de conception dans la réalité du 21e siècle impliquent un environnement com-
pétitif, des technologies complexes, des équipes multidisciplinaires, et des déﬁs de gestion
des connaissances [Wallace et al., 2005]. Des eﬀorts majeurs sont déployés dans diﬀérentes
directions. Du côté administratif, plusieurs façons d'organiser les acteurs ont été dévelop-
pées pour favoriser l'innovation, comme les parcs technologiques [Colwell et DeCarolis,
2010; Vaidyanathan, 2008], l'open innovation [Chesbrough, 2003; Reed et Storrud-Barnes,
2010], les Living Labs [Labs, 2011; Mulvenna et al., 2010], et le cyberapprentissage [Good-
fellow et Lea, 2007; Martín et Taller, 2008]. Ces structures sont justiﬁées par l'amélioration
de l'innovation au travers d'un réseau de collaboration et de transfert de connaissances.
En parallèle, pour mieux gérer les connaissances, diﬀérentes procédures de travail ont été
développées pour capturer, organiser et conserver l'information dans des bases de données.
Il est démontré que les petites et moyennes entreprises ont tout avantage à utiliser un sys-
tème de base de connaissances, à condition bien sûr de l'utiliser et de la conserver à jour
[Reed et al., 2010]. Une autre lignée de solutions vise le concepteur en lui oﬀrant des outils
pour supporter les tâches complexes, en particulier les logiciels de conception assistée par
ordinateur (CAO) et les logiciels de fabrication assistée par ordinateur (FAO). Ces outils
sont souvent intégrés dans des solutions de gestion du cycle de vie du produit (PLM).
Le présent projet se distingue tout particulièrement par sa vision d'une plateforme in-
formatique qui supporte directement les acteurs de la conception pour faire émerger une
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communauté de design et conduire au but ultime d'innovation. La ﬁgure 1.1 illustre par
une pyramide la proposition qu'un maximum de conséquences sur l'innovation globale dé-
coulera d'un travail au niveau du concepteur et de son médium de travail. La pyramide est
utilisé pour représenter l'idée qu'il faut construire les bases pour monter au niveau suivant.
La présente thèse propose les premiers pas d'un plan plus ambitieux qui a pour but ﬁnal
d'accélérer l'innovation. La ﬁgure 1.1 montre en vert avec une texture de vague l'espace ex-
ploré dans le projet doctoral. La plateforme informatique est nommée CognitiveExtender,
ou CogEx en plus court. Le projet est développé et évalué dans un contexte académique, ce
qui permet d'étudier particulièrement les concepteurs novices dans le contexte des projets
majeur de conception des étudiants du baccalauréat en génie de l'Université de Sherbrooke.
En théorie, le CogEx s'applique à tous les niveaux d'expertise et la suite logique des tra-
vaux est d'exploiter l'outil dans le contexte industriel alors que les étudiants habitués à la
plateforme s'intégreront au marché du travail.
Le contexte académique ajoute une notion d'apprentissage de l'activité de conception. La
nature à la fois créative, scientiﬁque et tacite de la conception est diﬃcile à enseigner. La
pratique encadrée est une bonne façon d'apprendre la conception. Le programme de génie
mécanique de l'Université de Sherbrooke a recours au registre papier pour promouvoir
de bonnes habitudes d'organisation et de suivi des travaux. En particulier, le registre
sert aux rétroactions du professeur pour évaluer et orienter les démarches de l'étudiant.
Le registre papier demeure le médium de prédilection dans l'entreprise [Mcalpine et al.,
2006]. Il oﬀre de nombreuses possibilités pour annoter, résumer, organiser, et comprendre
l'information. Il est portable dans toutes sortes d'environnement, ﬂexible et rapidement
accessible [Mcalpine et al., 2006]. Toutefois, les sources numériques d'informations, les
Figure 1.1 Accélérer l'innovation en supportant le concepteur puis en formant
une communauté de conception
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outils de conception par ordinateur (CAO) et les communications électroniques ont depuis
quelques années creusées un fossé avec le registre papier.
L'idée d'un outil qui organise les artéfacts et les décisions du concepteur sans nuire à son
travail n'est pas nouvelle. Déjà en 1997, Lee et al. reconnaissent le potentiel, mais aussi le
grand déﬁ d'une telle plateforme. Ils citent les avantages suivants : un meilleur support pour
l'évolution de solutions, la réutilisation, la maintenance, l'apprentissage, la documentation,
la collaboration et la gestion de projets [Lee, 1997]. Les technologies informatiques et les
connaissances ont beaucoup évolué depuis vingt ans et le présent projet relève le déﬁ !
Plusieurs logiciels oﬀrent des solutions pour écrire un registre numérique analogue à un
cahier papier, par exemple, One-note de Microsoft. De plus, une variété d'outils se spé-
cialisent pour chaque activité de la conception et les systèmes de gestion de données tech-
niques (SGDT) performent bien dans la gestion de toutes les données de conception, de la
déﬁnition du problème jusqu'à la maintenance. Les solutions développées en informatique
pour la gestion du code source ne sont peut-être pas directement applicables à la concep-
tion mécanique, mais elles sont des environnements de développement impressionnants et
inspirants qui supportent la complexité des codes informatiques et la collaboration entre
les nombreux programmeurs.
Il serait intéressant de déveloper une solution qui remplace le papier comme médium de
travail, tout particulièrement si elle oﬀre une organisation évoluée et des mécanismes de
collaboration. La capacité d'organiser intuitivement l'ensemble des artéfacts de la concep-
tion dans un format numérique et ce, sans alourdir le travail, ouvre de nombreuses portes
pour faciliter l'activité de conception. Par exemple, le format numérique permet de pro-
duire des liens entre les informations, de modiﬁer l'information existante en gardant un
historique, de partager des concepts et de faciliter la collaboration.
1.2 Déﬁnition du projet de recherche
Le projet de recherche vise à développer une plateforme eﬃcace et attrayante pour ac-
complir et centraliser toutes les tâches de la conception et ainsi remplacer le registre pa-
pier par un support numérique. À partir du moment où plusieurs concepteurs travaillent
avec la même plateforme, il est possible d'exploiter les puissants mécanismes informa-
tiques d'organisation, de gestion et de collaboration. La platforme doit favoriser l'ajout
d'informations pertinentes directement pendant le travail pour la compréhension par les
pairs, pour la réutilisation, et dans un cadre académique pour les rétroactions. Des méca-
nismes judicieux de collaborations à travers une communauté grandissante d'utilisateurs
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devraient faire émerger une communauté de concepteur. Cette communauté sera naturelle-
ment multidisciplinaire et outillée pour travailler avec des connaissances et des technologies
complexes.
Le projet de recherche se divise en trois phases. Premièrement, une revue de la littérature
de plusieurs domaines connexes est synthétisée et analysée pour concevoir l'outil idéal.
Deuxièmement, les concepts théoriques sont concrétisés par la programmation de la pla-
teforme informatique. Troisièmement, cette plateforme est mise à l'épreuve et évaluée par
des étudiants en génie mécanique qui l'utilisent pour développer leur projet majeur de
conception.
Même si toute la puissance de l'outil est dans la collaboration, le premier pas est un
outil intéressant pour l'individu et l'évaluation est centrée sur l'utilisation personnelle par
des concepteurs novices. Les rétroactions des étudiants servent à explorer le potentiel de
la plateforme dans le cadre d'un projet majeur de conception et à améliorer l'outil. La
déﬁnition du projet se résume donc en deux questions. D'abord :
Comment supporter les ingénieurs-concepteurs avec un support numérique qui
semble naturel et performant ?
Il s'en suit automatiquement une deuxième question pour évaluer la solution proposée :
Quel est le potentiel de la plateforme informatique CogEx pour remplacer le
registre papier des étudiants en génie mécanique lors de l'activité de conception
préliminaire ?
1.3 Objectifs
Quatre grands objectifs permettent de réaliser le projet de recherche :
1. Synthétiser la littérature de plusieurs domaines de recherches pour comprendre l'en-
semble de l'activité de conception. Il en résulte un modèle conceptuel qui suggère
plusieurs pistes pour supporter les concepteurs ;
2. Concevoir la plateforme CogEx. Les requis fonctionnels sont obtenus à partir de la
littérature sur l'utilisation du registre en papier par les ingénieurs, de l'étude des
solutions logicielles existantes et de l'analyse du modèle conceptuel de l'activité de
conception obtenue par le premier objectif. Le CogEx intègre un ensemble d'outils
pour supporter les concepteurs ;
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3. Programmer la plateforme informatique. Les requis techniques découlent des fonc-
tionnalités du CogEx et des ressources oﬀertes par le matériel informatique et les
technologies disponibles ;
4. Analyser le potentiel de la plateforme informatique pour remplacer le registre papier
des étudiants en génie mécanique lors de l'activité de conception préliminaire. Plus
précisément, le potentiel est évalué par une étude qualitative avec les sous-objectifs
suivants :
(a) explorer les fonctionnalités issues de l'objectif 2 ;
(b) identiﬁer les forces et les faiblesses de la plateforme informatique issue de l'ob-
jectif 3 ;
(c) identiﬁer les améliorations et les conditions d'adoption pour faire progresser
l'outil à un niveau supérieur.
1.4 Contraintes
Le projet évolue dans un contexte académique avec des ressources limitées. Les contraintes
suivantes ont inﬂuencé les décisions et l'envergure du projet :
1. L'étendue des connaissances pertinentes pour le projet est trop large pour les connaître
dans son ensemble. Inévitablement, des théories et des projets intéressants sont pas-
sés sous le radar ;
2. De toutes les connaissances et de toutes les idées qui sont passées sur l'écran de
radar, il a fallu cibler une partie pour conserver une certaine simplicité. D'excellentes
idées sont mises de côté en attendant un jour d'être remises en circulation. Quelques
exemples sont :
(a) l'intégration des mécanismes de jeux pour augmenter la motivation ;
(b) les interfaces physiques comme le eye-tracker et la commande vocale pour aug-
menter l'interaction personne-machine ;
(c) l'analyse par intelligence artiﬁcielle des informations pour oﬀrir des suggestions
de connaissances, des contacts, ou des concepts (déﬁnitivement la prochaine
étape) ;
(d) la réalité virtuelle pour interagir en trois dimensions avec les données.
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3. La programmation de la plateforme informatique fut l'oeuvre d'un seul program-
meur, ce qui est très peu pour l'envergure de la tâche. Certaines fonctionnalités ne
sont que partiellement implémentées. Par exemple, le dessin et la gestion des docu-
ments externes sont deux fonctionnalités qui mériteront encore beaucoup d'attention.
Au cours du projet, des stagiaires en informatiques ont été engagés, mais le niveau
de diﬃculté était trop élevé. Il aurait fallu engager un programmeur d'expérience ;
4. L'évaluation préliminaire de la plateforme s'est faite sur des périodes d'un semestre
avec des concepteurs novices volontaires sur une base individuelle. L'évaluation d'une
utilisation à long terme, de l'inﬂuence du niveau d'expertise, et les mécanismes de
collaboration restent à valider. Nous croyons toutefois que des avantages par rapport
aux apprentissages, à la gestion des connaissances et pour la collaboration seront des
eﬀets à long terme de la plateforme.
1.5 Contributions originales
Le projet de recherche contribue à l'avancement des connaissances et des technologies
principalement de deux façons :
1. Le projet explore une nouvelle façon d'organiser concrètement les travaux de concep-
tion à travers deux espaces. La première contient l'information particulière à chaque
projet et la deuxième contient la base de connaissances du concepteur qui évolue à
travers le temps et les projets. Cette séparation permet de faire évoluer et de réuti-
liser sa propre base de connaissances au ﬁl des projets tout en conservant chacun
des projets distincts. Les utilisateurs sont unanimes sur le potentiel de cette organi-
sation, ce qui supporte l'intérêt de passer à des études futures plus complètes pour
mesurer l'impact réel de la nouvelle organisation.
2. Une nouvelle structure de schéma conceptuel récursif que nous avons nommée schéma
conceptuel étendu est développée pour supporter le concepteur dans ses travaux.
Le projet de recherche a permis d'identiﬁer le potentiel de cette structure pour in-
tégrer et organiser l'ensemble des artéfacts de conception et des connaissances dans
un projet majeur de conception du programme de baccalauréat en génie mécanique.
1.6 Organisation de la thèse
Le coeur de la thèse est présenté à travers deux articles scientiﬁques et un chapitre tech-
nique. Une revue de la littérature précède ces trois sections. Elle établit les théories fonda-
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trices de la thèse et peint un portrait des travaux analogues. La thèse est clôturée par un
résumé des travaux, un retour sur les originalités du projet et une ouverture sur le futur
prometteur de la plateforme.
Les trois grands chapitres sont les suivants :
Chapitre 3- Les fondations et le développement de CogEx est un article soumis
dans Advances in Engineering Education (AEE). On y analyse et synthétise la litté-
rature de plusieurs domaines pour construire un modèle conceptuel des interrelations
entre les éléments en jeu dans la conception. Le modèle est fondé sur la théorie de l'ac-
tivité de Vygotsky [1978]. Il intègre la cognition humaine, les tâches fondamentales
menant au produit ﬁnal, les interactions avec l'environnement et entre les membres
de l'équipe et les professeurs. L'article présente la plateforme informatique CogEx
qui intègre les solutions inspirées de l'analyse de l'activité de conception dans le but
de supporter le mieux possible les concepteurs.
Chapitre 4- L'évaluation qualitative de CogEx est un article soumis dans AEE qui
décrit trois études pilotes avec des étudiants au baccalauréat en génie mécanique qui
ont utilisé la plateforme CogEx pendant une session dans le cadre de leur projet ma-
jeur de conception. Les mécanismes de collaboration dans cette étude sont désactivés
pour d'abord focaliser les eﬀorts sur la validation et l'amélioration de l'utilisation
individuelle. Des entrevues ﬁnales autour d'une série de questions ouvertes ont servi
à recueillir les expériences et opinions des utilisateurs. Une analyse qualitative par
thèmes a permis de mieux comprendre comment les étudiants travaillent avec la
plateforme et d'identiﬁer plusieurs améliorations pour mieux supporter les étudiants
concepteurs. L'étude conﬁrme le potentiel de CogEx pour remplacer le registre pa-
pier de conception pour les projets majeurs de conception. Elle ouvre aussi la voie à
de prochaines études incluant les aspects collaboratifs.
Chapitre 5- La mise en oeuvre technique de CogEx est un chapitre qui introduit
l'aspect technique de la mise en oeuvre de la plateforme CogEx. Une architecture mo-
dulaire est conçue pour produire une plateforme qui s'adapte aux diﬀérents systèmes
d'exploitation et qui peut facilement grandir avec un nombre important d'utilisa-
teurs. La structure de l'information est construite pour faciliter la collaboration en
temps réel, la synchronisation des travaux hors-ligne, le suivi des auteurs et le suivi
de l'ensemble de l'historique des travaux. La structure de l'information est conçue
pour représenter la structure à la fois hiérarchique et libre de l'information.
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CHAPITRE 2
REVUE DE LA LITTÉRATURE
La présente revue de littérature résume les grands thèmes lié au projet. Notre objectif
ici est de positionner le travail par rapport à l'état de l'art, et de démontrer l'intérêt,
l'originalité et le sérieux des travaux. Nous passons par quatre grands thèmes. La première
section démontre la complexité et l'ampleur des domaines de recherches entourant l'activité
de conception. Nous présentons ensuite plusieurs thèmes de solutions actuellement en
oeuvre pour supporter la conception. Nous croyons que nos travaux feront partie de cette
section dans les futures revues de littérature. La troisième section présente les études
sur l'utilisation des registres en ingénierie, les types d'information qu'ils doivent gérer et
les qualités du papier comme médium de travail. Ces connaissances sont utilisées dans
la conception de la plateforme pour qu'elle remplace adéquatement le registre papier.
Finalement, une dernière section présente l'état de l'art sur l'évaluation qualitative et
supporte ainsi le sérieux de notre démarche pour évaluer la plateforme avec les études
pilotes. De plus, la thèse est construite autour de deux articles scientiﬁques dont le premier
comporte une revue de littérature plus détaillée sur les diﬀérentes facettes de l'activité de
conception.
2.1 Concevoir est une activité humaine et sociale
Au premier abord, comprendre l'activité de conception semble réalisable en étudiant com-
ment un concepteur ou une équipe de concepteurs réalise un nouveau produit. C'est
d'ailleurs une approche qui a mené à plusieurs théories de conception réputées [Hatchuel et
Weil, 2002; Kroll et al., 2001; Pahl et al., 2007]. Toutefois, une étude plus approfondie nous
amène d'une part à considérer les détails de la cognition du concepteur, et d'autre part
à réaliser l'importance fondamentale des interactions sociales qui est à la base de notre
langage et de notre vision du monde. Pour comprendre l'activité de conception dans son en-
semble, il faut visiter une variété de domaines scientiﬁques. La synthèse de ses nombreuses
connaissances s'exprime particulièrement bien à travers un schéma conceptuel fondé sur
la théorie de l'activité initiée dans la psychologie par Vygotsky et Leont'ev [Vygotsky,
1978]. En résumé, la conception est décrite à travers l'interaction du triplet sujet-objet-
communauté, qui se traduit en conception par concepteur-produit-équipe/communauté.
Le concepteur est un humain qui agit et réagit à son environnement, qui apprend et qui
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est décrit par diﬀérents modèles de cognition. Lorsqu'un ingénieur fait de la conception,
ses facultés cognitives sont mises en branle pour résoudre diﬀérents problèmes tout au long
de la série de tâches que comporte une conception complète, c.-à-d. de l'identiﬁcation des
besoins jusqu'à la production du produit. L'aspect communauté dans l'activité implique le
travail d'équipe et donc, la division des tâches et un ensemble de règles de fonctionnement.
Plus fondamentalement, la vision socioconstructiviste explique que les interactions sociales
sont nécessaires à la formation des connaissances et de nos perceptions de notre univers
[Bandura, 2001]. C'est donc dire qu'un modèle complet de l'activité de conception s'étend
du fonctionnement du cerveau humain jusqu'aux interactions sociales à travers l'histoire
humaine ! Notez que nous limitons notre étude aux interactions dans l'équipe de travail et
à la communauté de concepteurs. Le modèle conceptuel de l'activité de conception est dé-
taillé dans le premier article (section 3.1.1) et représente une description particulièrement
complète qui révèle plusieurs pistes innovantes pour supporter les concepteurs.
2.2 Angles d'attaque pour supporter la conception
La motivation profonde du travail présenté ici est d'améliorer notre capacité à concevoir.
Une première façon d'y arriver est par la pratique délibérée et les apprentissages qui per-
mettent au concepteur de progresser vers l'expertise [Ericsson et al., 2006]. La pratique
délibérée est une tâche adaptée au niveau d'expertise du concepteur et qui demande un
eﬀort conscient pour améliorer ses points faibles. Il devrait y avoir une rétroaction et
plusieurs répétitions pour progresser vers l'expertise. Une autre façon est par l'utilisation
d'outil performant pour optimiser le travail du concepteur, c'est-à-dire oﬀrir un support
cognitif [Walenstein, 2002]. L'idéal est bien entendu d'exploiter autant les gains prove-
nant de l'amélioration des capacités du concepteur par la pratique et l'apprentissage, que
ceux provenant d'un support cognitif pour faire l'eﬀet d'un levier avec les capacités du
concepteur.
En ce qui concerne la pratique et l'apprentissage en ingénierie, les projets majeurs de
conception obtiennent de bons résultats et sont recommandés dans les programmes de
formation universitaire [Dym et al., 2006]. Le projet doctoral exploite ces projets pour
évaluer le potentiel de la plateforme pour supporter la conception dans le contexte aca-
démique. Le courant du socioconstructivisme est un des plus présents dans la littérature
actuelle et une autre source d'inspiration pour la conception de la plateforme. Il met en
valeur la construction des connaissances à partir de ce que l'étudiant connaît et insiste
sur le rôle majeur des interactions sociales dans l'apprentissage [Palincsar, 1998]. Les dé-
veloppements récents en éducation ont mis l'emphase sur la capacité à réguler son propre
2.2. ANGLES D'ATTAQUE POUR SUPPORTER LA CONCEPTION 11
processus d'apprentissage, principalement à partir de la planiﬁcation (avant), du moni-
torage (pendant) et de l'évaluation (après) [Veenman et al., 2006]. De plus, les avancées
en neurosciences cognitives ouvrent la porte à des idées prometteuses pour faire avancer
davantage les méthodes d'enseignement et mieux comprendre l'apprentissage [Jong et al.,
2009]. Par exemple, le modèle cognitif de l'encodage double [Paivio, 1990] distingue une
mémoire pour le traitement verbal et une mémoire pour le traitement visuel. Ce modèle
permet d'élaborer sur la présentation des enseignements autant sous forme visuelle que
verbale pour augmenter la rétention de l'information sans considérablement augmenter la
charge cognitive de l'étudiant.
L'autre façon mentionnée pour améliorer notre capacité à concevoir est de supporter l'ac-
tivité avec des outils. La théorie de la cognition distribuée déﬁnit que l'environnement
fait partie de la cognition [Clark et Chalmers, 1998]. Les interactions avec les artéfacts
sont régulièrement utilisées pour réduire la charge cognitive humaine. Le cadre théorique
RODS [Walenstein, 2002] identiﬁe quatre principes qui peuvent être combinés pour sup-
porter l'activité cognitive. Chaque lettre de RODS est un principe : 1) réduire les tâches
inutiles, 2) optimiser la présentation de l'information pour faciliter la tâche, 3) distribuer
certains processus à des artéfacts qui font une partie du travail et 4) utiliser les capacités
cognitives spécialisées qui s'eﬀectuent naturellement plus eﬃcacement. La quantité d'ou-
tils actuellement disponibles pour supporter l'activité de conception est très vaste. Le plus
fondamental est sans doute le papier et un crayon. Les grandes familles de technologies se
résument par :
- les registres électroniques de laboratoire (ELN) qui sont particulièrement utilisés
et structurés pour l'industrie pharmaceutique [Oleksik et al., 2014; Rubacha et al.,
2011] ;
- les logiciels de conception assistée par ordinateur (CAO) qui permettent de manipuler
des formes complexes pour la conception et même de réaliser plusieurs analyses sur
les objets conçus [Jon Peddie Research, 2015; Robertson et Radcliﬀe, 2009] ;
- les applications grand public pour prendre des notes sur les tablettes qui sont
analogues à prendre un cahier papier, mais avec plusieurs avantages de l'informatique
[Oleksik et al., 2014; Walsh et Cho, 2012] ;
- les plateformes de Product Lifecycle Management (PLM) qui intègrent l'ensemble des
informations sur un produit, depuis l'établissement des besoins jusqu'à la produc-
tion et l'opération du produit [Segonds et al., 2014; Transparency Market Research,
2016] ;
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- et la grande famille des Computer Supported Co-operative Work (CSCW) ou collec-
ticiels qui englobent les supports digitaux pour la collaboration [Shen et Barthès,
2008; Stacey et Eckert, 2003; Wang et al., 2002].
Il semblerait qu'avec toutes ces technologies, les solutions pour supporter le concepteur
n'ont plus de secret. En eﬀet, pratiquement chaque facette de la conception est touchée
par au moins un outil existant. Pourtant, il n'y a encore aucune plateforme qui intègre les
besoins d'un concepteur pour l'ensemble de l'activité de conception. Par exemple, l'aspect
documentation des ELN se fait souvent aux dépens de la liberté qui favorise la créativité,
et l'importance de l'apprentissage dans la conception est souvent négligée.
2.3 Le registre d'ingénierie et pourquoi le papier est
encore choisi
Une prémisse fondamentale du projet est de pouvoir remplacer le registre papier et surtout
d'être plus attrayant que ce dernier. Les études sur les registres des concepteurs ont identiﬁé
que les types de données les plus présentes sont les notes écrites, les notes de réunions, les
sketches, les coordonnées de gens et les calculs. [Heisig et al., 2010; Hicks, 2005; Mcalpine
et al., 2006]. Ces informations permettent de concevoir un outil qui répond aux besoins
comblés par le registre traditionnel. Par exemple, une étude [Heisig et al., 2010] utilise des
entrevues pour chercher aussi les informations que les ingénieurs désirent retrouver dans
le registre. Il en ressort que les raisonnements derrière les concepts et les choix sont les
plus importants types d'information recherchés.
Malgré les avantages de l'informatique, Mcalpine et al. [2006] conclu que le papier est
encore le moyen préféré des concepteurs. On peut déduire la même conclusion d'une étude
plus récente McAlpine et al. [2017]. Le papier oﬀre plusieurs possibilités d'interactions
rapides et ancrées dans nos expériences. La qualité des solutions est parfois diminuée
lorsque le concepteur est forcé de travailler sans le papier. Les interactions avec le des-
sin semblent ainsi favoriser le processus créatif et la représentation de solutions [Stacey
et Lauche, 2005]. Par ailleurs, les interfaces digitales de dessin ont énormément évolué
dans les dernières années et des tablettes abordables intègrent désormais des technolo-
gies performantes de stylet. Par exemple, la tablette Galaxy Note de Samsung intègre la
technologie des crayons de Wacom, un grand joueur dans les interfaces pour les artistes
professionnels.
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2.4 Méthodes d'évaluation
L'objectif qui clôture la thèse est d'évaluer si les hypothèses utilisées pour concevoir la
plateforme, soit le sujet du chapitre 3, sont valables et si le logiciel met bien en oeuvre
ces hypothèses. Les essais pilotes sont fréquemment utilisés dans la littérature et per-
mettent d'évaluer des hypothèses sur un nombre réduit de participants dans un contexte
réel [Hulley et al., 2013]. Dans le monde du logiciel, les études d'utilisabilité sont une
forme d'étude pilote pour améliorer et assurer la qualité d'une interface avant un grand
déploiement. En éducation et dans les laboratoires de recherche, les essais pilotes sont fré-
quemment utilisés pour évaluer de nouveaux outils [Bergsmann et al., 2015; Eblen-Zayas,
2015; Hurst et Nespoli, 2015; Sener et Wormald, 2008; Tabard et al., 2008]. Pour exploi-
ter eﬃcacement ces essais, il faut concevoir le projet d'évaluation et choisir les méthodes
appropriées. L'ouvrage de Cresswell [Creswell, 2002] est une ressource précieuse pour com-
prendre et élaborer une telle étude. Les objectifs d'évaluation dans le présent travail sont
1) de comprendre comment CogEx est utilisé par des concepteurs novices, 2) explorer les
perceptions des concepteurs par rapport aux nouveaux mécanismes de travail et 3) d'amé-
liorer la plateforme. Ces objectifs orientent vers l'évaluation qualitative avec des entrevues
à questions ouvertes. Il est avantageux de construire l'étude à partir d'un modèle concep-
tuel du projet puisque cela permet de mieux communiquer et de comprendre l'ensemble
des liens de causalité [Brousselle et Champagne, 2011]. L'article qui traite de l'évaluation
présente un tel modèle. L'analyse des données qualitatives se fait le plus fréquemment par
une analyse thématique du contenu [Burnard et al., 2008]. L'analyse peut être déductive
ou inductive [Ritchie et Lewis, 2003]. Une approche déductive part d'un modèle prédéﬁni
et les extraits d'entrevues sont associés aux thèmes du modèle, alors que dans l'approche
inductive, les thèmes émergent à travers les données. L'analyse inductive est plus ardue,
mais elle permet une exploration plus ouverte du problème. Les deux approches peuvent
être avantageusement combinées et c'est ce qui est fait pour le présent projet. Les détails
de la méthodologie d'évaluation sont décrits au début de l'article d'évaluation présenté au
chapitre 4.
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Titre français Un modèle conceptuel de la conception et la plateforme informatique qu'il
a inspirée
Résumé français Depuis des siècles, le registre papier est un outil précieux pour orga-
niser les travaux de conception. Récemment, les technologies de l'information et les
appareils électroniques capables de capturer l'écriture manuscrite ouvrent la porte
à un outil beaucoup plus puissant. Le but de ce projet est de remplacer le registre
papier de conception par une plateforme informatique.
Un schéma conceptuel qui décrit l'activité de conception a permis de regrouper
plusieurs théories et d'inspirer de nouvelles façons pour supporter les concepteurs,
autant pour le travail que pour l'éducation. Les aspects pris en compte vont de la
cognition jusqu'aux interactions sociales.
Le résultat est la plateforme CogEx, qui met de l'avant 1) les schémas conceptuels
étendus pour organiser l'ensemble des projets et des apprentissages à travers toute
une vie, 2) un espace de travail divisé entre les concepts et les connaissances qui
permet de faire des liens entre les projets et les apprentissages et qui crée une re-
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présentation du corpus de connaissances du concepteur, et 3) des mécanismes de
collaboration fondés sur des espaces privés et d'autres partagés.
CogEx a le potentiel de supporter l'activité de conception autant dans le contexte
industriel qu'académique. Le fonctionnement de la plateforme a été évalué de fa-
çon préliminaire dans des projets majeurs de conception au baccalauréat en génie
mécanique et les résultats font l'objet d'un autre article.
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A Conceptual Framework of Engineering Design for the
Development of the CogEx Software Platform
Abstract
Paper logbooks have served to organize design work for centuries. Information technologies
with eﬃcient input devices open doors to potentially much stronger support. This project
aims at replacing the traditional paper logbook with a software platform called CogEx.
A conceptual framework about the design activity is built and translated into new ways to
support engineering design and education. The framework accounts for human cognition
as much as for community aspects.
The result is the CogEx platform that advances 1) new way to organize lifelong learning
and projects through extended concept map, 2) a split workspace for concepts and know-
ledge that relates learning with projects and oﬀers to build a knowledge base, and 3)
collaboration and evaluation mechanisms based on private and shared spaces.
CogEx has the potential to support engineering design for both industrial and academic
contexts. A preliminary evaluation was necessary and is presented in a related paper.
Keywords
Design Practice, Learning Technology, Constructivist, Activity Theory, Electronic Log-
book
3.1 Introduction
Since Leonardo da Vinci's famous drawings of inventions, paper logbooks have oﬀered
a means to keep track of design work in a central and portable instrument with all the
ﬂexibility of pen and paper. The logbook contains a chronological trace of meeting notes,
sketches, calculations, annoted documents glued on one page, etc.. As modern design moves
towards complex and multidisciplinary projects, collaboration and knowledge management
become crucial. However, the unstructured and personal nature of logbook entries are
barriers for use as a collaboration and institutional memory tool [Mcalpine et al., 2006].
Engineering tools have also greatly changed with computer software to help achieve va-
rious engineering tasks. Computer-aided design, product life-cycle management suites, web
18 CHAPITRE 3. LES FONDATIONS ET LE DÉVELOPPEMENT DE COGEX
resources, and mobile applications are all great digital tools but they remain incompatible
with paper. A simple solution is to use a software that mimics the traditional logbook in
a digital format, but this doesn't help in making data more intelligible for collaborators
and the digital world oﬀers an opportunity for the development of new functionalities such
as sharing data, collaborative workspaces, navigable and searchable data representation,
integration of planning algorithms and tools to track design rationale.
Many undergraduate engineering programs use capstone design projects [Ward, 2013] with
design logbooks to follow student design process. Good habits of recording design work
should be kept and a platform that works well for the needs of engineering design education
should also have potential for industrial work. Indeed, mechanisms for design reviews in
industry are closely related to mechanisms for teachers feedback and evaluation. In addi-
tion, learning is important both in academic and industrial design [Cross, 2007; Hatchuel
et Weil, 2002]. The growing complexity of products, the increasing need for multidiscipli-
nary collaboration and the array of good digital tools are all good reasons why engineering
designers need to take the digital turn.
3.1.1 Background
Decades ago researchers have worked to transition from the paper logbook to digital coun-
terparts. The chemical and pharmaceutical industries have been at the forefront of the
development and usage of such software. The result is a family of software called Electro-
nic Lab Notebook (ELN) used to store, retrieve and share laboratory records. Many ELNs
are now valid legal records for intellectual property litigation. A review of 35 ELN shows
the rapid growth of this technology [Rubacha et al., 2011]. For consistency, persistence
and legal concerns, commercial ELN tend to force some structure and may lack ﬂuidity
and ﬂexibility for design tasks [Oleksik et al., 2014]. ELNs are not designed to organize
the breadth of design activities and are often used in conjunction with what Oleksik calls
a master notebook, to track the various facets of a project (ibid.). Generic note-taking
software such as Microsoft OneNote [Eblen-Zayas, 2015] and Evernote [Walsh et Cho,
2012] are used by some institutions as a more ﬂexible and readily available alternative
when intellectual property is not a stringent requirement.
A variety of projects have looked to support the whole design activity and the two following
software are particularly relevant. An early project that relates to the present work is the
Dynomite paper-like interface developed twenty years ago with pen input [Wilcox et al.,
1997]. The information is augmented with automatic time stamps, keywords and assignable
properties. It can manage tasks, telephone numbers, URLs and more. It also supports the
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ability to move and undo group of strokes and it manages audio notes. Prism [Tabard et al.,
2008] is a hybrid lab notebook that integrates handwriting notes on paper and digitize
them through Anoto technology. It contains digital text and images, linking to documents
and web resources, and sharing of notebook entries. The author demonstrated that Prism
can be used has a master notebook, but that people nevertheless preferred paper. They
argue that paper helps researchers maintain a discipline in recording their work and that
the externalization of memory on paper helped ﬁlters and organize information. Although
promising, to the author's knowledge, these works stopped at the prototype stage.
One more trend of technology that deserves mention is the web-based collaborative project
management platforms such has Teamwork, Wrike, Huddle and Asana, just to name a
few. These technologies are designed to improve team work and project management. All
work that lives in digital documents are managed by the system and can be commented
by collaborators. There is little literature on these commercial products, but they are
rapidly growing in popularity. These platforms can serve as master notebook to organize
everything. They perform well for task management and collaboration, but they do not
oﬀer an appropriate space to create and solve. For that aspect, they rely on documents
created with other software.
3.1.2 Approach
The question at the origin of this paper is How to support engineering students in design
courses with a digital platform that will feel natural and empowering ? The solution must
be more attractive than paper and should bring back all design information in a searchable
central space that can be shared when needed. The idea is not new. Lee [1997] recognized
twenty years ago the potential of such systems. He stated the beneﬁts in dependency
management, collaboration, reuse, maintenance, learning, and documentation.
Studies on content and usage of traditional logbook [Heisig et al., 2010; Mcalpine et al.,
2006] and the existing technologies presented above brought valuable information for the
design of a digital platform. The most innovative solutions proposed in this paper come
from a top-down design approach, where going back to the body of knowledge helped to
better portray the design activity and led to radically diﬀerent solutions. This paper ex-
plores potential innovations from a clean sheet approach, in contrast to a safer incremental
approach. Pulling a parallel with the Kano model of product development [Kano et al.,
1984], studies on engineers' logbooks gave the basic needs and the existing software solu-
tions highlighted some performance needs. The key of our design approach is a conceptual
framework that interrelates the information of various ﬁelds of science and inspires a set of
20 CHAPITRE 3. LES FONDATIONS ET LE DÉVELOPPEMENT DE COGEX
innovative delighters to support the design activity. The design and implementation of the
platform is followed by a qualitative study to assess its potential in an academic context
and to identify potential improvements (chapter 4).
3.1.3 Results
This paper presents a conceptual framework that unites knowledge from various ﬁelds of
research with the goal to present a global picture of the design activity. Critical parts of
this framework are explored one after the other in the following sections. They explain
how the selected literature is translated into ways to support the designer. The ﬁnal result
is CogEx, a software platform to support engineering designers in a way that should feel
natural and empowering. CogEx stands for Cognitive Extender, meaning that it aims
at extending cognition beyond the brain. An overview of the software in an engineering
education context is presented through the short video represented in ﬁgure 3.1.
3.2 Conceptual Framework of the Design Activity
The work surveys into learning science, design theories, cognitive science, collaborative
work, expert studies and knowledge management. Various models and theories are selected
based on their ability to give insight on ways to support designers. The various communities
of researchers speak with diﬀerent vocabulary and the amount of information calls for a
synthesis.
Various conceptual frameworks were examined and ﬁnally, a framework based on Vygotsky
and Leont'ev activity theory [Vygotsky, 1978] was selected. Activity theory is a general
framework that describes any activity from a Subject-Object-Community triad. Simply
stated, the individual (the subject) interacts with the object, but also with its community.
Figure 3.1 5 minutes video presentation of CogEx
3.2. CONCEPTUAL FRAMEWORK OF THE DESIGN ACTIVITY 21
It originated from the socio-cultural tradition in Russian psychology, which promotes
culture and society as the fundamental element for human mind production.
Figure 3.2 shows the framework at the base of the current work. Vygotsky's Subject-
Object-Community triad translates to Designer-Product-Team. They are represented as
the vertices of a triangle. The sides of the triangle are the interactions between the three
entities. The designer interacts with the product being designed with tools and he evolves
with a team and society following certain rules. He works from his knowledge base and
has his own personal motivations to act. The community aspect of our model focus on the
design team, but it also includes the work organization and the whole society. Society has
a fundamental role in creating sense in general and it is the receptors of the product being
designed. Environment surrounds the activity. A facet of the environment that directly
aﬀects the designer is the place where he works. Besides the work oﬃce, design happens
in a variety of places (home, bus, on a sunny beach, etc.).
To support the design activity, interactions (the sides of the triangle) can be improved. The
goal is to produce the tools for the designer to interact with the object, and the set of rules
for collaboration to happen smoothly. Since the designer works in various environments,
the platform must be able to take diﬀerent forms (PC, phone and tablet, paper or real
prototypes). Moreover, learning is an intrinsic part of the design activity and acts on the
designer's knowledge base and experience. Learning happens in the designer's mind, but
also has a result of the community interaction. Activity theory is actually an inﬂuential
work of the socio-constructionist approach in education [Engestrom, 2000; Palincsar, 1998].
Activity theory divides an activity hierarchically into tasks, actions and operations. Ope-
rations are small units used and reused to accomplish actions, and actions are themselves
combined to produce tasks. For example, the automatic operations of talking and listening
are combined in the action of communicating precise information between two collabora-
tors, and this communication is used again and again in the task of deﬁning the needs
with a client.
All these categories allow for a thorough organization and interrelation of most of the li-
terature around design. The conceptual framework leads to a global picture providing fair
amount of insight to develop the functionalities of the software platform. The structure
of the next section follows the framework and elaborates successively on the designer's
cognitive operation, his actions and the tasks he accomplishes in the course of a complete
design activity. The community aspect is then discussed and used to introduce collabora-
tion mechanisms in the platform.
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Figure 3.2 Conceptual framework inspired by the activity theory
Operation and action levels do not have a clean separation. Operation level discusses how
interactions with a symbolic representation of information and visual perception create a
feedback loop that extends cognition beyond the brain. Themes of working memory and
attention are part of this discussion. The action level focuses on how design evolves at the
scale of knowledge and concept manipulation. The documentation and records of design
is included as an action, since it involves multiple basic operations and it happens as part
of all tasks of the design activity. The task level presents the stages for a complete design
and mostly elaborates on planning, conceptual design and embodiment design.
3.3 From the Framework to CogEx
This section starts by introducing the general features of the CogEx platform and then
substantiate how each important theme of the conceptual framework connect with the
concrete solutions of the platform.
3.3.1 Introducing CogEx
Figure 3.3 shows a snapshot of the CogEx just after its login screen on a tablet. It shows
a workspace divided horizontally and vertically. The top-bottom windows divide concepts
from knowledge and the left-right windows divide personal from shared spaces. The resul-
ting four spaces are discussed in more details later in the following sections. The creation
toolbar at the top left is a simple set of icons to create concept boxes, analysis, text,
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sketches and to capture images with the camera. The space next to the creation toolbar
is a mini pinboard where imported data is shown in the form of Post-it notes. Figure 3.3
shows two images (A, B) recently imported from the web and ready to be dragged and
dropped in an appropriate place.
The expendable side panel on the right of the screen can hold speciﬁc types of information
useful in design activity. The icons on top of the side panel select which one is shown
and can also be dragged and dropped to create the speciﬁc types of information in the
workspace. Figure 3.4 shows the various side panels : (a) collaborators, (b) bibliographic
or web references, (c) tasks in a to-do list, (d) comments organized in a forum and (e) a
chronological list of recent work organized in history.
Engineers typically use their logbook in various locations and contexts [Hicks, 2005], and
for this reason, the CogEx is built to work synchronously on both PC and tablet. The
capture and creation of information should be intuitive, so the tablet version supports
stylus, mouse and keyboard input.
3.3.2 Operation Level
Going back to the conceptual framework in ﬁgure 3.2, operations are the most basic units
of work done by the human subject doing the activity, the designer. The goal of tools at
the operation level is to make the designer more eﬃcient in understanding and solving
complex problems. Cognitive psychology oﬀers cognitive architectural models that give
insight on the processing of information. Figure 3.5 represents a model based on symbol
manipulation and analogous to how computer work.
The sensory, visual and auditory inputs in the context of a multimedia platform are pre-
processed by perception and ﬁltered by attention mechanisms. Long-term and working
memories are central to the cognitive function and allow for higher cognition such as deci-
sion and problem solving. Finally, some motor and verbal systems are commanded to act
on the environment and with other intelligent beings.
Perception
Perception is the ﬁrst stage of this cognitive model and has been thoroughly studied by
cognitive psychologists. Results about visual perception studies inform on principles to
optimize information visualization. An exhaustive review of these principles and how to
apply them in visual interfaces are given by [Ware, 2008]. An important ﬁnding is that our
impression of capturing complete picture of what is in our sight is mostly an illusion. We
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Figure 3.3 Interface of CogEx running on a tablet
Figure 3.4 Side panels opening from the top right icon
Figure 3.5 Computational model
3.3. FROM THE FRAMEWORK TO COGEX 25
actually only see small parts at the time and when we seek information from a diﬀerent
part of the scene, our eyes are fast enough to give us the impression that it was available in
the mind. This implies that presenting a global view of contextual and related information
should make information accessible as if it was in the mind, without requiring much extra
memory. As shown in ﬁgure 3.3, CogEx's screen is split in four workspaces that can be
resized, plus a side panel that makes it possible to keep various information always visible.
Furthermore, the mechanism to organize the knowledge is based on inﬁnite zooming which
gives cues on the smaller content from a more global view. The next section describes this
feature in more details.
Working Memory and Expert Knowledge Organization
The dynamic stages of working memory and attention are interrelated and are the basis
for decisions and complex cognition [Knudsen, 2007]. Working memory holds the informa-
tion for the current cognitive processing and is positively correlated with ﬂuid intelligence
[Hunt, 2006; Jaeggi et al., 2010]. Fluid intelligence (Gf) is deﬁned in the Cattell-Horn-
Carroll Theory of Cognitive Abilities as the deliberate mental operations to solve new
problems and is considered one of the most important factors in learning and professio-
nal success in complex environment [McGrew, 2008]. It follows that supporting working
memory has a central role in trying to support the complex work of designers.
The cognitive load theory estimates capacity of working memory between 5 and 9 chunks
of information [Miller, 1956]. Although this number is inﬂuenced by the size and content of
chunks [Cowan, 2001], it established principles in education and in design about structuring
the presentation in a way to respect the working memory limitation. Studies on expert
performance have shown that the ability of experts to organize knowledge in functional
groups and to work with abstraction allows them to manage bigger chunks of information
and still respect the limits of working memory. For example, an expert chess player will
rapidly recognize the various attack and defence positions and memorize this information
to recall the positions of all the game pieces [Chase et Simon, 1973]. Consequently, support
of working memory will be more powerful with an external representation analogous to
expert mental organization, so CogEx use a representation that includes categories and
levels of abstraction.
The CogEx representation of knowledge derives from concept map developed in 1972 by
Novak to understand how children knowledge evolves in education [Novak et Canas, 2008].
A concept map is a graphical representation where concepts are enclosed in boxes and
relationships are drawn with named links between the related concepts. Figure 3.6 shows
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such concept map representing the relations between the parts of an electric surfboard.
The ability of concept maps to elicit knowledge is supported by how experts in a speciﬁc
ﬁeld tend to strongly agree on the concept map produced by another expert [Hoﬀman et
Lintern, 2006].
CogEx adds mechanisms to better handle abstraction levels, to manipulate chunks of data,
and to add more ways to interrelate information. Manipulation of abstraction and chunks
is translated with concept boxes that can contain a space in which another concept map
can be nested. This organization is named extended concept map. Figure 3.7 shows how
it looks in the CogEx with an example on the design of an electric surfboard. The ﬁrst
level (a) is organized as a concept map and shows the relations between the parts of the
surfboard. The board contains the battery, the controller, the motorization, and more. The
board is one part of the electric surfboard and there are multiple alternative designs for it.
This box is used to represent a category with a space that lists various types of surfboards
as shown in (b). When zoomed in, this category becomes the new level of work. Each of
the four boards can further contain a space to organize more precise information. Screen
(c) in the ﬁgure shows how zooming in the Shortboard reveals design information such as
speciﬁc properties for this board, a sketch with calculations and an external document.
The recursive nested maps form a zoomable user interface (ZUI). The zooming level corres-
ponds to level of abstraction. Even if some maps become unreadable from high-level maps,
the structure of information gives cues on the content and exploit the strong mapping
capacity of our brain [Moser et al., 2008]. Navigation through knowledge and concepts is
similar to the ease of ﬁnding a precise place on earth with Google maps. ZUI for knowledge
management is not yet widely used, but it is a promising way [Haller, 2011]. Navigation
is improved with a navigation stack that shows all the levels of concepts that lead to the
Figure 3.6 Traditional concept map
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Figure 3.7 Extended concept map of the surfboard project
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current zooming level. This is highlighted on the left of the ﬁgure at the deepest level
(c). This stack helps situate the user in the knowledge hierarchy and clicking on a level
navigates to that level. A long press on a level opens a temporary overlay of its content to
gain an instant overview of any higher level, oﬀering contextual data and even more navi-
gation options. Every concept with its nested map and information represents manipulable
chunks of information.
The extended concept map representation solves the problem of organizing and intercon-
necting life-long amount of projects and knowledge with respecting perception and working
memory load limits. To illustrate the point, if every map contains 8 concepts and each
concept is expended with similar maps, then the exponential nature of the hierarchical
organization leads to managing over 32 000 concepts with only 5 levels of nesting.
Relations Mechanisms in CogEx
The relations between concepts are the essence of complex meaning. The platform is
designed around ﬁve diﬀerent mechanisms to represent relations. The ﬁrst representation
of relations directly comes from concept map and is a graphical arrow with a linking phrase
that connects concepts. These graphical relations are shown in ﬁgure 3.6, and more can be
seen in ﬁgure 3.7 (a) where they connect parts of the surfboard with linking words such
as contains or is attached to. Most graphical relations should be drawn in the same
abstraction level, but relations across levels are possible. Graphical links with appropriate
linking phrase is the default relation mechanism to represent any relations when the other
mechanisms are not appropriate.
The second mechanism of relation is the ability to group concepts inside another one.
This can represent part-whole relation such as in ﬁgure 3.7 (a) where Battery is part of
Electric Surfboard, or it can represent a category relation such as in ﬁgure 3.7 (b) and
ﬁgure 3.8 where Shortboard is-a type of Surfboard. This nesting mechanism is discussed
in depth in the previous section on abstraction levels.
The third mechanism of relations pushes further the category relation with a weak form
of Minsky frames [Minsky, 1988]. A concept with this category relation has properties
attached to it (called slots in Minsky's frame), and these properties are inherited to children
concepts. In the electric surfboard example, a generic surfboard is described with properties
such as length, volume and planning speed. When various surfboards are evaluated in the
project, the user relates them to the generic surfboard concept via a category relation.
The speciﬁc surfboards thus get the slot properties of a generic surfboard and the user
only need to adjust the values of these properties. Figure 3.8 illustrates the surfboard
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category with four speciﬁc surfboards. The power of this relation mechanism is twofold.
First, it automates the building of a comprehensive surfboard concept by attaching the
appropriate properties. Second, properties have semantic meaning usable by algorithms,
which opens up a world of possibilities. One possible way to exploit properties is to use
them to generate comparison charts as is illustrated in ﬁgure 3.8 where properties of
the available surfboards are assembled to help in choice. Charts and graphs leverage the
strong pattern-ﬁnding ability of our visual system and creates powerful representation to
understand data [Ware, 2008]. The category relation oﬀers a mechanism to build ontologies
and to help in decision-making.
The fourth relation mechanism is bidirectional hyperlinks and is similar to what Bracewell
et al. [2009] call tunnel linking in the DRed tool for design rationale capture. In the
platform, everything (concepts, tasks, comments, etc.) can be cloned almost anywhere
and at the same time, it creates a bidirectional hyperlink. Changing one instance changes
the other and clicking on one clone navigates the user to its counterpart. An example is
shown in ﬁgure 3.9 in the next section where some knowledge about ﬁberglass composite
sandwich is cloned in the concept space of the surfboard project because it refers to it.
Another example of this type of relation is when a task is dragged in a project. The task
is visible and can be edited both in the project space and in the task panel. Any relations
that are too far apart for a simple graphical link use this mechanism to avoid clutter
of arrows. The unidirectional hyperlink is also used for documents stored in ﬁles so that
clicking the document triggers actions to open it. The navigation stack described in the
previous section is a particular case of unidirectional hyperlinks.
The ﬁfth class contains relations speciﬁc to a type of entity and serves to augment its
functionality. A good example of this class of relations is the task dependency relation
used for schedule management and described in more depth later in the section on project
planning. Figure 3.10 illustrates this type of relation.
Distributed Cognition
Perception, attention and working memory is in strong interaction with the external world.
The theory of distributed cognition consider that our environment is not dissociable from
cognition [Pecher et Zwaan, 2010; Salomon, 1997]. Branching from the same roots as our
framework's activity theory, distributed cognition recognize social interaction and tools as
part of cognition and as a means to oﬀ-load the working memory. For example, writing
down mathematical equations to solve a problem is a means to extend your cognition
through the use of symbols on the paper. Manipulating a physical prototype is another
30 CHAPITRE 3. LES FONDATIONS ET LE DÉVELOPPEMENT DE COGEX
Figure 3.8 Category with property used to produce a comparison chart
example where the tridimensional processing is mostly shifted from the brain to the object
and the visual system. Research in e-learning supports that the structure of visual cues
and the design of the interactions with information inﬂuences the ease and eﬀectiveness
of cognition and metacognition [Kirsh, 2005]. Accordingly, the visual representation of
concepts and how the user interacts with them must be carefully crafted.
The extended concept map oﬀers a means for the designer to build a visual representation
of his design problem that shows the interactions between the concepts. It also builds
a global picture with fast access to the details. Most interactions are kept intuitive by
manipulating objects and tools with drag and drop actions. Stability of the set of tools
and of the interactions are favored over optimal contextual organization. This is unlike
commercial software such as MindMeister, which automatically arrange and rearrange pre-
sentation of content. The stability of the tools and of the mapping of artifacts is likely
to ease entering in a cognitive conversation with the supporting environment. It allows
exploiting the strong mapping abilities of cognition and visual thinking. Finally, the in-
terface is designed to be simple to understand with a non-modal (always visible) toolbar
of few (5) creation tools and 6 possible side panels.
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3.3.3 Action Level
The previous section describes the various parts of human cognition and the foundations of
the interaction with its environment particularly in view of supporting cognition externally.
The action level builds on the cognitive operations and looks at higher cognitive process
involved in design. Most of our inspiration to support action level comes from Hatchuel's
C-K design theory and problem solving literature. This section also presents logbook usage,
since it occurs along all stages of design.
Concept and Knowledge Interconnected Spaces
The C-K theory is an increasingly accepted view of design that applies to all of invention,
creation and scientiﬁc discovery [Hatchuel et Weil, 2002]. It explains design as a set of
operations by which the designer moves back and forth between knowledge space and
concept space. The theory deﬁnes knowledge as a proposition with logical status in the
designer's mind. It is what he knows to be true or false. Conversely, a concept does not
have a logical status and lives with some level of uncertainty. By direct analogy with C-K
theory, the platform's workspace is split vertically into a concept and a knowledge space.
Figure 3.9 shows this separation. The top split is the concept space and is where the
project's ideas and solutions evolve. The bottom split is the knowledge space and is where
the user builds and expands his map of knowledge. Both spaces use the extended concept
mapping structure described in the previous section.
A design project starts in the concept space with a tentative deﬁnition of the goals to
achieve. In CogEx this happens by creating the project with a name, an image and a
small description. Figure 3.3 shows ﬁve such projects in the concept space. As the work
progresses, the designer uses existing or new knowledge to understand, analyze and develop
the design problem. It is up to the designer to link the relevant knowledge with the concept
that uses it. For example, ﬁgure 3.9 shows a case where the user applies his knowledge
about how generic surfboards are built to develop the board of the electric surf project.
The concept space grows as the problem is broken down in smaller parts or as new ideas
are generated. Eventually, a design solution completely describes how a concept responds
to its goals. All projects are available from the ﬁrst level of the concept space supporting
reuse of work across projects.
When learning or exploring existing solutions, the designer mostly works in his knowledge
space and grows the appropriate parts of his knowledge map. In an academic context, a
student can construct his knowledge space while taking engineering courses, structuring
all his notes and learning material. The extended concept map structure of the knowledge
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Figure 3.9 Concept space (top) and knowledge space (bottom)
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space aﬀords to integrate new knowledge with acquired knowledge. The interaction with
well-organized prior knowledge is likely to support learning and is central to Ausubel's
education theory which states that new knowledge must relate to previous knowledge to
have meaningful learning [Ausubel et al., 1968; Dochy et al., 2002; Tobias, 1994]. Experts
diﬀer from novices by a better organized knowledge structure, which is supported by the
platform's ability to reorganize concepts and knowledge as understanding increases.
The knowledge space can grow in a classic learning activity, but the platform also oﬀers
the tools for the successful Problem-Based Learning (PBL) instructional approach [Savery,
2006] by explicitly connecting learning with real-life problems. Knowledge naturally gets
enriched by a set of relations to all the projects where it has been relevant. For example,
if the knowledge to calculate stiﬀness of ﬁberglass composite sandwich panel is used in
three diﬀerent concepts, the ﬁberglass composite sandwich panel stiﬀness equation will be
linked to three examples of how it is applied.
Record Keeping and Time Travel
A design logbook should keep a temporal trace of all the work, for legal status, but
more importantly, to track the work in progress, as more than 70% of engineers reveals
this practice in an investigation on logbook usage [Mcalpine et al., 2006]. Unlike the
chronological organization of paper logbook, the extended concept map favors functional
organization and is not meant to track chronology. To keep the chronological aspect, every
change is time-stamped and the History side panel shown in ﬁgure 3.4 gives access to a
navigable chronological list of all the history of work. There are two ways to interact with
this list. In Show mode, clicking on an action brings the new or modiﬁed item in view. In
Travel mode, the user can travel in time and clicking in the chronology will rebuild the
whole space exactly has it was at that time. In fact, no information is ever deleted and
deleting is traduced as hiding the item from the time it is deleted. The past cannot be
changed, so time travel is read-only. Yet, from the past it is possible to restore deleted
or previous versions into the present time. These time mechanisms lay the foundation for
legal status, empower the user to review his recent work, and reduce the resistance to
changing or deleting things, because it is easy to roll back to previous states.
3.3.4 Task Level
The whole design activity can be sequenced in stages with various levels of parallelism and
iterations, depending on the organization's design approach and culture. On one end, the
concurrent engineering approach involves actors from all stages from the very begining of
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design that forms multifonctionnal teams and reduce large and costly iterations, while on
the other end, the waterfall model is strongly sequential and knowledge from one stage to
the other is passed by important design documents. In both cases, the stages are similar and
the designer's actions described in the previous section recursively applies in each stage.
The early and well-established description of design [Pahl et al., 2007] divides the activity
in ﬁve stages. A recent analysis of 23 models of design converges on 6 common stages :
establishing need, analysis of tasks, conceptual design, embodiment design, detailed design,
implementation [Howard et al., 2008]. The evolving and iterative nature of design is well
recognized [Dorst et Cross, 2001; Kroll et al., 2001], so the task of redesign and change
are considered in the stages of design. The ﬁeld of change engineering demonstrated the
gains of proper engineering change management. Some interesting work is done to predict
costs and to improve propagation of changes by leveraging the relations between the parts,
their constraints, and related tasks [Jarratt et al., 2010]. In large a enterprise, the stages
of design are conducted by diﬀerent teams and as such deﬁne labor division boundaries.
In other cases, such as a small team responsible for a complete design project, everyone
will work in every stage, and labor division arises mostly from the parts of the product.
With the limited resources available for this exploratory research, it was not possible to
work on all stages right away. The CogEx platform focuses on the early stages because
they are responsible for 70 to 80% of the ﬁnal product's cost [Rush et Roy, 2000].
This section describes solutions to support planning, conceptual design and embodiment
design. Design tasks such as needs establishment, change propagation, or life-cycle analysis
to name a few, deserve their special attention and are future work.
Project Planning
First of all, a project is described as a design problem that usually includes a time frame, a
budget, a team and other stakeholders. A project in CogEx is a special concept that lives
at the ﬁrst level of the concept space. The project entity can be opened as a pop-up from
any level and contains the team members, the budget and the global project scheduling.
Figure 3.10 shows the pop-up with the details of the electric surfboard projects. The
project space can be seen under the pop-up at the top. Entering into a project opens the
extended concept map that structures all the project's work content. For the surfboard
project, opening the project leads to the map shown in ﬁgure 3.7 (a).
Planning in the context of a project is a key factor for eﬃciency and labor division. The
project planning task mostly occurs at the beginning of a project, but also continues all
along the project. CogEx's answer to planning is the task object. Most of the time, designer
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Figure 3.10 Pop-up showing the details of the surfboard project. Under the
pop-up is the ﬁrst level of the concept space that contains all projects
uses simple memos to record tasks or events, and to that end, the ﬁrst form of task object is
an entry in a to-do list as shown in ﬁgure 3.4. The task can also be created in the workspace
where context helps to make more sense. In that case, the task automatically gets a clone
in the to-do list. Similarly to the functionalities of project management software, tasks can
hold descriptions, dates, and durations. For advanced schedule management, tasks can be
connected with a special time relation that oﬀers dependency relations typically found in
scheduling software. This is shown in ﬁgure 3.10 where tasks (in black) are linked with
scheduling dependency relation such as Finish to Start. This forms the basis to integrate
advanced scheduling algorithms such as Critical Path Method (CPM) or the more recent
Graphical Planning Method (GPM) [de Leon, 2009].
Conceptual and Embodiment Design
In conceptual design, the designer works at understanding and framing the problem in
terms of speciﬁcations, functions and working principles. Embodiment design then uses
these abstract descriptions of the problem to generate a variety of solutions. The plat-
form's mapping structure with abstraction levels is ﬁt for building functional analysis
trees and including various working principles in them. Functions are represented with
concept entities, and it is their context and naming that makes them stand out as func-
tion. For speciﬁcations and design requirements, the CogEx uses property entities that
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holds a type, a value or a range of values, and its physical units. In the electric surfboard
example, a function Transmission of rotation to the propeller can have attached to it
the required properties of Peak Torque : 100 (N/m) and Angular Velocity (range) : 200
to 1000 (rpm). This tracking of requirements is based on the category relation described
earlier and oﬀers inheritance to more speciﬁc concepts that will try to fulﬁll the function.
It thus gives a tool to keep a relation between the technical speciﬁcations and the various
ideas generated in embodiment design, plus it can be used to compare competing concepts
by how well they fulﬁll the requirements.
CogEx supports divergent and ﬂexible thinking by the liberty given in the extended
concept map. New concepts can be created anywhere and attached to anything or no-
thing. If the designers desire to group alternative concepts, the category space can be
used. If the designer wants to start a completely diﬀerent line of solutions, he is free to
start a new box out of nowhere.
3.3.5 The Community
As shown in the conceptual framework in ﬁgure 3.2, the community aspect is given as
much importance as the individual designer and the design object in the design activity.
In fact, community is at the heart of activity theory, which holds a socio-constructionist
perspective on knowledge. Constructionist means that humans construct their knowledge
with the aim of explaining sensory experience, and socio-constructionist emphasizes that
this happens through interaction with others. Our understanding of a design problem and
our knowledge to solve it must be built through social interactions. Beside this fundamental
position, the community aspect arises at various levels in design, including the clients and
stakeholders, the enterprise and its culture, collaborations with various institutions, and
the project's team. This section presents literature and mechanisms of CogEx by which it
supports the community aspect of design. Teamwork is the main focus, but also much is
done to support teachers' interactions with students for design education.
Personal and Shared Spaces for Teamwork
Teamwork is a key factor in successful innovative projects [Hoegl et Gemuenden, 2001] and
the team is where most of the social interactions of design projects happen. Six components
of collaboration among team members reﬂect the quality of teamwork : communication,
coordination, balance of member contributions, mutual support, eﬀort, and cohesion [Hoegl
et Gemuenden, 2001].
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The basic process for group problem solving identiﬁed in [Laughlin, 2010] is group memory,
which is the sum of knowledge of all members in the group. The group memory may be
improved by transactive memory, deﬁned as a shared system for encoding, retrieving and
storing information [Wegner, 1987]. Moreover, transactive memory should give cues to
what information is available through teammates and thus also act as meta-knowledge
store. Early studies in group problem solving suggested that better decisions are taken if
some members, designated as experts, possess some unshared information [Stasser et Titus,
1985]. This hidden proﬁle paradigm has inspired multiple studies and although it as been
refuted in a meta-analysis [Lu et al., 2012], the labor division in design team naturally leads
to some hidden proﬁle eﬀect. The latest conclusion is that relevant knowledge must be
shared with an appropriate level of abstraction to keep a manageable load of information
processing [Tang et al., 2016]. The extended concept map with its elicitation power and
its representation of abstraction has the prerequisites for such transactive memory.
What You See Is What I See (WYSIWIS) is a popular solution to collaboration and
is analogous to working everyone together on the same black board. Cognitive support
is in interaction with the individual's cognition and serves mostly to unload his working
memory. As such, the designer needs a personal space under his control to organize his work
and to have freedom to explore his ideas. The WYSIWIS paradigm breaks the stability of
the designer's space and may bring precocious judgment from collaborators. The CogEx
collaboration mechanism distinguishes the personal space from the shared space, and still
recognizes that they are highly interconnected. Similarly to the C-K vertical split, the
personal-collaborative spaces are separated by dividing the screen horizontally as shown
in ﬁgure 3.11. When the designer opens a project that involves collaboration, the personal
project space on the left and the shared project space on the right open together. The
shared space includes all the features of the personal space. In the surf example, the project
is developed in a team and every member sees the same shared space and can interact in
real-time with others.
The designer should spend most of his time working in his personal space and regularly
copy in the shared space the parts that he feels are ready to be shared. A design team
shares responsibility for a common goal. Teamwork is most often cross-functional, mixing
people from marketing, design, manufacturing, to name a few, and many companies ﬁnd
that it is diﬃcult to implement them successfully [Barczak et Wilemon, 2003]. The shared
space is the place where the goals, roles and structures of the project are negotiated.
Evaluations, Reviews and Visits
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Figure 3.11 Shared project space opening up in parallel with the private project
space
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Peer review is a way for collaborators to ﬁnd weakness and bring insights for improve-
ments to the solution proposed. In the context of engineering design education, a teacher
reviewing the full design spaces of a student helps to evaluate and guide him to improve
his design skills. The platform responds to this need with visit rights. A visit right gives
read-only access to a personal or collaborative space that is not your own. The visitor can
navigate through the shared private space and write comments that are tagged with the
avatar of the visitor and that are automatically listed in the host's personal forum. This
makes tracking easy and allows the user to respond to the reviewer. Figure 3.12 shows the
comment of Professor Jones in the personal concept space of a student working on the
surfboard. The same comment is listed in the student's forum where he can discuss it.
The extended conceptual mapping visual representation and the organization in the C-
K spaces has the potential to help keep track of the design process and of the design
rationale. With the ability of a teacher to visit the private space of students, CogEx is ﬁt
to evaluate and give feedback on the design process of novice designers and help him to
improve himself. Moreover, every action in the shared space is tagged by the author thus
allowing to follow who did what and how work is distributed in the team.
Conversations are Sparks for Ideas
Team meetings are important to review designs, share information, and make decisions.
A ﬁeld study on teams of expert designers found that two thirds of the co-evolution of
the design problem/solution spaces are collaborative in nature [Wiltschnig et al., 2013].
These collaborative episodes are dominated by requirement analysis that lead to solution
attempts. Conversation in general is a means to negotiate meaning and to spark new ideas.
By consequent, CogEx implements the most common conversation tools of social networks.
The forum discussed in the previous section is one way to communicate. For something
closer to conversation, CogEx also has a chat system which is shown in ﬁgure 3.12 on
the lower left. The chat window his minimized so that it does not hide the workspace.
A direct consequence of supporting communication directly in CogEx is that any stanza
from a chat conversation or any comment in a forum can be cloned in the workspace. For
example, an explanation by a peer on how to solve a particular equation can be placed in
the context where the explanation is most useful.
3.4 Conclusion
This paper presents the foundation and the development of CogEx that aims to support
design by taking the place traditionally given to paper logbook, but with a very diﬀerent
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Figure 3.12 Teacher's feedback directly in the workspace and also in the forum
format. The ultimate goal is to support the full breadth of the design activity in an
integrated way, but eﬀorts are focused on the conceptual and embodiment design phases
for now.
Although there are existing digital logbook solutions, the current work proposes a platform
that organizes life-long amount of projects and knowledge in a form of recursive concept
map named extended concept map. CogEx also explores the idea of keeping project arti-
facts separated from an evolving knowledge base, but with much interlinking between the
two. This division is directly inspired by the C-K design theory.
The platform takes cues from socio-constructionist views to develop important collabora-
tion mechanism. It distinguishes between a pair of private and shared spaces, where the
private space oﬀers a stable place to create and explore, and the shared spaces allow buil-
ding and negotiating collaborative work. Communication mechanisms from popular social
network are integrated in the platform to complete the collaborative aspect.
Although the CogEx is based on sound theoretical work, the only way to access its value
is by trying it. A qualitative study of the platform was conducted in the academic context
of undergraduate capstone design projects. The results are presented in chapter 4.
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The CogEx oﬀers a digital replacement of the master logbook with collaborative me-
chanisms that could be the foundations for a widespread community of designers across
universities and across innovative companies.
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gistre papier dans les projets majeurs de conception
Résumé français Les nouvelles technologies de l'information permettent de partager et
de produire des connaissances comme jamais auparavant. La plateforme informatique
CogEx a été développée pour tirer avantage du monde numérique avec des idées
innovantes pour supporter les concepteurs autant dans le contexte industriel que
dans le contexte académique.
Cet article présente une évaluation qualitative de l'utilisation de CogEx dans le cadre
des projets majeurs de conception en génie mécanique à l'Université de Sherbrooke. Il
explore son éventuel potentiel pour remplacer le registre papier. Cette étude combine
trois projets pilotes par lesquels 15 étudiants au baccalauréat ont utilisé CogEx. Ils
ont discuté de leur expérience dans des entrevues à la ﬁn du semestre. L'étude se
concentre sur l'utilisation individuelle. L'aspect collaboratif est la prochaine étape.
Les résultats démontrent le potentiel de la plateforme pour l'éducation de la concep-
tion technique en remplaçant le registre papier. Le schéma conceptuel étendu a
permis aux étudiants d'organiser la diversité des informations du travail et de pro-
duire un schéma qui oﬀre une bonne vue d'ensemble. Les participants ont apprécié la
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facilité de retrouver l'information dans la structure. En ce qui concerne la séparation
entre concepts et connaissances, elle n'a pas beaucoup été utilisée. L'étude révéle
que la façon de travailler dans les deux espaces doit être raﬃnée pour ne pas nuire
au déroulement du travail. De plus, l'espace de connaissances est jugée intéressante
que pour une utilisation à long-terme de la plateforme. Néanmoins, la séparation
entre concepts et connaissances oﬀre un bon potentiel pour construire la base de
connaissances de l'utilisateur.
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Potential of the CogEx Software Platform to Replace
Logbooks in Capstone Design Projects
Abstract
Recent technologies are oﬀering the power to share and grow knowledge and ideas in
unprecedented ways. The CogEx software platform was developed to take advantage of
the digital world with innovative ideas to support designers in both industrial and academic
contexts.
This paper presents a qualitative study on the usage of CogEx during capstone design
projects in mechanical engineering. It explores its potential to eventually supersede a
paper logbook. This study combines three pilot projects where 15 undergraduate students
used CogEx for one semester and discussed their experience in a ﬁnal interview. The focus
is on limited to individual usage in this study.
Results support that the platform has a good potential in engineering design education
by replacing the paper logbook. The extended concept mapping structure was found
to be eﬃcient in organizing all types of design information and provided a good over-
view of the work. Participant found the structure eﬃcient to ﬁnd back information. The
concept-knowledge separation was not used as expected and the study reveals that it
needs reﬁnement in the way to use the division. Short term usage did not provide any
beneﬁts but it is still regarded as having a good potential in building the knowledge base
of the designer.
Keywords
Design practice, Capstone projects, Undergraduate, Qualitative, Learning technology
4.1 Introduction
Most undergraduate mechanical engineering programs in Canada use a capstone design
project to teach and assess many of the competencies required by the program, notably
design skills [Dym et al., 2005; Hurst et Nespoli, 2015]. The program at Université de Sher-
brooke exploits a major capstone design project that spans over 3 semesters and brings
teams of students from project deﬁnition to fabrication and testing of a prototype. Expe-
rienced designers follow every team weekly and give one-to-one feedback and evaluation
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twice per semester. Students are taught to record all their work in a paper logbook, and
this represents the main tool to support the whole activity. The method has proved its
eﬃciency in the last twenty-ﬁve years at Université de Sherbrooke. Yet, technology has
greatly evolved and much of the design work and information sources are now from the
digital world. Paper is not appropriate to organize and manage the CAD ﬁles, web book-
marks, and all the collaboration exchanges often made on social network platforms. Many
students are asking to use a digital logbook and teams are building their own amalgam
of software (Microsoft Word, One-Note, Teamwork, Facebook, etc.). The heterogeneous
tools between teams make it harder for the teacher to navigate and understand the whole
of the design data, and it compromises the sustainability of design information for future
use. In response to this need and in view of the opportunities that the digital world of-
fers to support design in the industrial and academic contexts, a software platform called
CogEx was developed to support work organization, learning and collaboration. CogEx
is designed with breakthrough innovation in mind and thus suggests ideas that need to
be tested. CogEx needs to be validated and explored with pilot studies. Capstone design
projects of undergraduate engineering students can be a platform for such research.
4.1.1 Background of the Study
Description of CogEx Tools
In a previous work, CogEx platform was developed by building a conceptual framework
that describes the design activity and then by identifying new ways to support designers.
The theoretical underpinnings of CogEx are presented in more detail in chapter 3. This
section oﬀers a summary of the parts of CogEx to help understand the current study.
The conceptual framework of design activity is based on Vygotsky and Leontiev
activity theory [Vygotsky, 1978] which describes an activity has the interaction of a person
with an object inside a community. Figure 4.1 shows the framework adapted to the current
study. The designer interacts with the design project with tools and evolves inside a team
and society by following rules. The highlighted area illustrates that the focus of this study
is on the individual designer. The conceptual framework is used through the study to build
the questionnaire and to identify themes for the thematic analysis of the interviews.
The model distinguishes three hierarchical levels of actions. The most basic level contains
operations that are performed automatically, such as understanding visual representation,
reading, writing, drawing lines in a sketch, making sense of information or memorizing.
They are the building blocks of actions, which are conscious and goal driven. This in-
4.1. INTRODUCTION 47
cludes solving a problem, building a record of design work, creating new concepts and
analyzing them. Actions are themselves building blocks of more of less sequential tasks
found in design. For this research they are limited to project planning, conceptual design
and embodiment design.
The extended concept map is a graphical representation developed to organize all
the data. It is inspired by concept map [Novak et Canas, 2008] but makes every concept
box a possible container for recursively nesting other extended concept maps. Figure 4.2
shows how a student of one pilot study organized his work in this structure. The project
is done in French, so translation is provided in parentheses. Figure 4.2 (a) shows that
the participant has used separate concept boxes to categorize the important parts of his
design project (Rotor System, Control Test Bench, Range of Operation, Administration).
If the concept Range of Operation is zoomed in, it leads to display (b), where all the
details are organized in a concept map to show how the student has used analytical and
experimental data to decide on the range of operation. Further navigation by zooming on
the concept Analytical Calculation shows the details of his analysis work, shown in (c).
The structure allows organization and navigation through a huge amount of information. It
holds resemblance to the zooming capabilities of Google Maps. Extended concept mapping
is inspired by how experts organize knowledge in functional chunks [Feltovich et al., 2006]
and by the important place given to abstraction and contraction in the conceptual blending
theory [Fauconnier et Turner, 1998]. The extended concept map should help designers in
two ways : 1) the proximity with cognitive organization makes the structure intuitive and
eﬃcient for designing ; 2) the multi-level structure aﬀords organization and interconnection
of life-long amount of projects and knowledge, potentially improving learning and problem
solving.
Figure 4.1 Evaluation framework of the design activity in CogEx
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Figure 4.2 Organization in the extended concept map
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Concept-Knowledge spaces (C-K spaces) is how the workspace is split vertically in
two as shown in ﬁgure 4.3. The concept space at the top is where all data and elaboration
of the particular project is organized. The knowledge space at the bottom is where the
user builds and grows his knowledge base while he works on a project or when he is
actively learning. The ﬁgure shows how one student organized his knowledge of rotors
test bench in the knowledge space and how he relates to this knowledge in his concept
space where he develops a theoretical model of the rotor. The knowledge base is the same
ever-evolving extended concept map that grows across all projects and that should favor
knowledge integration and reuse. The process of designing is a back and forth movement
between the C-K spaces, so knowledge and concepts are interrelated. This organization has
the potential to improve learning by connecting knowledge with real life project [Sanson-
Fisher et Lynagh, 2005]. The C-K spaces is a loose application of the C-K theory [Hatchuel
et Weil, 2002] and should oﬀer a good base to capture design rationale.
Integrated data management is a challenge pursued by many software products. Our
programming resources being limited, the work was mostly focused on managing text,
pictures (from ﬁles or captured by a web cam), external ﬁles (Oﬃce ﬁles, CAD, pdf,
etc.), and tasks in a to-do list. We tried to include a stylus input with good sketching and
handwriting, but it did not work properly for the pilot studies. Even if the implementation
was incomplete, it did not stop discussions on the value of having a central place to manage
everything.
Capstone Design Projects at Université de Sherbrooke
The capstone project at Université de Sherbrooke is an important part of the curricu-
lum and ends with a complete prototype. Students can deﬁne the project by themselves
or they can work on a project oﬀered and ﬁnanced by industry. Beyond design solu-
tions, the project includes aspects such as ﬁnance, negotiation with clients and project
planning. The capstone project spans three design courses that correspond to design
phases : 1) need analysis and conceptual design, 2) detailed design, 3) fabrication and
testing. Teams are typically between ﬁve and twelve students, depending on the com-
plexity and size of the project. Teammates work together for the ﬁnal two years of the
program to design, build and validate their solution. Teams present their prototype to
the public in the Mégagénial exposition. The projects of the last edition can be seen at
http://www.expo-megageniale.com/.
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Figure 4.3 Concept and knowledge interrelated spaces
4.1.2 Purpose and Approach
A pragmatic epistemological perspective is taken to study how students understand Co-
gEx, how they adopt it to satisfy their logbook needs and how it can be improved. The
main goal of the study is to explore the potential of CogEx to replace the paper logbook
of engineering design students to support capstone design projects. A qualitative research
strategy is chosen to increase the overall understanding of how students interpret and
use the various features of CogEx to support their design activity. A complementary goal
of the study is to improve the platform and incremental changes were applied during the
study in response to comments from participants. The ﬁnal results also orient bigger future
improvements. Three pilot studies were conducted from 2014 to 2016 with 15 undergra-
duate students during the conceptual or detailed design phases of their capstone design
project. They were asked to use CogEx instead of the otherwise mandatory paper logbook
to organize their design work for the full semester. The principal method of data collection
is a ﬁnal interview with open-ended questions structured around the various parts of the
conceptual framework presented earlier. Besides, the researcher used informal discussions
with participants all along the study and kept a journal of observations. The study is limi-
ted to the individual aspects of the platform with a limited number of participants. No full
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project team was engaged in any of the pilot studies. The current work allows adaptation
of the platform to higher standards and will make it possible to enroll full teams to study
the collaborative functionalities.
4.1.3 Results
The results of the pilot studies conﬁrm the potential of the solutions proposed in CogEx.
This ﬁrst assessment conﬁrms that the platform is a valuable tool to organize design work
and support design education. The study helped identify improvements that pave the way
towards a design logbook more attractive and eﬃcient than the paper logbook, opening the
door to a more involved study on the development of the design competency of students
including the collaborative aspects of CogEx.
This paper ﬁrst presents the methodology of the study and the conceptual framework that
is the foundation of the platform. It then presents results of the interviews organized from
a thematic analysis. Finally, it discusses the meaning and implications of the results for
future implementation of CogEx in the undergraduate engineering program at Université
de Sherbrooke.
4.2 Methodology
4.2.1 Participants
The participants engaged voluntarily and the study follows a protocol that has been ap-
proved by the ethics committee of Université de Sherbrooke and every participant signed
a consent form. The conﬁdentiality of the students is preserved by changing their names
to a letter, and the participation in the study had no consequence on the evaluation for
the design course. The criteria for participant selection are simple. They must follow the
design course and they must be willing to use CogEx. There were also two studies requi-
ring an Android tablet. Participants could either buy a tablet or else we loaned them one
for the period of the study so that money investment was not an issue. Each pilot study
proceeded with new participants.
The pragmatic and exploratory nature of the research pushed in favor of small groups
of participants to oﬀer better support and to implement incremental changes faster. Yet,
the groups were big enough to oﬀer good exploration. The three pilot studies respectively
included 4, 5 and 6 participants. Figure 4.4 shows the time-line of the pilot studies and
every letter and number in each pilot study represents a participant and the rating of
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their involvement in using CogEx. The participation level is from 1 to 5, where 1 is just
trying out the platform, and 5 is using the platform as a full logbook replacement. The
rating is given by the researcher based on the interviews, on the researcher's journal of
observations, and on the amount of content in the participant's CogEx workspace. In every
case, all participants used CogEx suﬃciently to discuss all themes of the questionnaire.
The most involved users supplied deeper insights.
4.2.2 Time-line
Figure 4.4 illustrates the time-line of the studies. Pilot studies 1 and 3 were conducted
during the conceptual design phase of the capstone project, and pilot study 2 was done
during the detailed design phase. A major change occurred after the pilot study 1, which
used a personal computer (PC) to run the software. In this ﬁrst study, hand sketches
were captured with the computer camera and placed in the digital logbook. The principal
conclusion of this ﬁrst study was that the lack of direct sketching capabilities and the
low portability of the laptop compared to paper logbook led users to do their work in
a disorganized paper logbook, and subsequently organize part of the information in the
digital logbook. The platform was used as an organizer, but the goal of the current platform
is to act as an organized workspace that directly supports the designer in actions. It was
decided to build the software to work also on Android tablets with pen capability to
allow direct input of handwriting. The two other pilot studies were conducted on Samsung
galaxy note tablets with a redesigned interface, but the fundamental concepts of the overall
solution were kept untouched.
4.2.3 Data Collection
Since the start of the capstone projects in the curriculum, students are required to keep
track of their work in a paper logbook, which is used by the teacher for evaluation and
to give feedback. The pilot studies asked students to replace the paper logbook by CogEx
Figure 4.4 Time-line of the study
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for a full semester. One of the researchers gave a one-hour training session at the start of
the semester to show how to use CogEx. The selection process and various challenges at
the beginning of the pilot studies consistently delayed usage of the platform by 2 weeks
after semester's start. Participants often used a temporary notebook in the meantime.
One researcher was available during the study to answer questions and solve any problems
with the platform. The interactions with the researcher were done by phone, in optional
weekly meetings, and with a discussion forum where participants were encouraged to post
their diﬃculties, wishes and ideas. Some of these comments were integrated through soft-
ware updates during the study. Observations from the discussions were kept in a journal
during the study. In the last week of the semester, the researcher interviewed every can-
didate with a questionnaire of six open questions that targeted the themes highlighted
in our conceptual framework. The interviewer encouraged participants to share any other
thoughts about the platform. He speciﬁcally asked to discuss the usability and apprecia-
tion of : 1) the extended concept-map organization, 2) the division of work in concept and
knowledge spaces, and 3) the support of all design tasks and design information. Moreover,
the interviewer asked the participants what would contribute the most to improvement : 4)
ineﬃciency of CogEx during design, and 5) in raising the desire to use the platform. The
students were encouraged to discuss anything related to design, including ways of wor-
king, bugs encountered, wishes and other software that performed better for some tasks.
Interviews were approximately one hour long and were recorded for further analysis.
4.2.4 Data Analysis
Interviews were transcribed by the researcher and a research assistant. The transcriptions
and the researcher's journal were then analyzed to identify and code important themes.
The initial list of themes comes from the conceptual framework and the features of CogEx
presented in section 4.1.1 above. Other themes emerged as the coding proceeded. After
two coding iterations, every phrase was organized under the theme(s) that they express.
The themes were grouped into categories and further classiﬁed in one of the big parts
of the conceptual framework : operation, action or task levels, or community. The result
and the discussion sections are presented with this structure. Engineering data needs are
presented in a separate section.
4.2.5 Strength and Weakness of the Study
The researcher is also the developer of the software. An advantage, in line with the prag-
matic view of the research, is that it brings a direct conversation between the software
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developer and the users, thus building a good understanding of the needs and perceptions.
A disadvantage is that participants may have friendliness bias, since their comments di-
rectly criticize the work of the researcher. To avoid this bias, the researcher dug deeper
for answers during the interviews and he explained to participants that good critics are
beneﬁcial for the study.
A strength of the study is the prolonged period of study with three diﬀerent groups. The
changes in the platform after the ﬁrst pilot study are reﬂected in the comments and on
how the platform was used. Interestingly, most other themes are present and consistent in
all three groups.
All participants in the study are undergraduate students in mechanical engineering and
novice designers. It is likely that the platform applies to other ﬁelds and to higher levels
of expertise, but transferability is not tested in any way. For example, the platform seems
ﬁt for medical education where a logbook provides an opportunity to get feedback and
help self-reﬂection [Gouda, 2016]. However, other pilot project will be necessary to study
CogEx in these contexts.
Finally, the voluntary basis for participating in the pilot study may bias towards people
that appreciate working with software technologies. This is judged acceptable for the
current stage of development of the platform and for the goals of our study.
4.3 Results
The results of thematic analysis are presented here through a set of representative excerpts
from the interviews and images showing the CogEx workspace of some participants. The
interviews are in French and are translated for this presentation.
4.3.1 Human Operation Level
Visual Presentation and Navigation
Figure 4.2 (a) and (b) show the interface with its simple toolbar at the top. Five generic
creation tools are bundled on the left, and ﬁve more speciﬁc icons are bundled on the left
for contacts, standard properties, references, tasks and comments. Buttons react to three
actions that are as consistent as possible across them : click is selection, long-press opens
details or conﬁgurations, drag and drop is an intuitive way to create new objects in the
interface where the user wants them. Moving objects and creating links are also made by
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drag and drop actions. The interface was generally appreciated and no issues have been
raised about the general presentation and about how to interact with it.
Navigation in the data happens by moving and zooming into the extended concept map.
Participant L judged that this inﬁnite zoom functionality is one of the best features
of CogEx. Although generally appreciated, the zooming interface can be improved as ex-
plained by X when zoomed out concepts become very small. Sometimes it is small. Is it
possible to keep things bigger ? I would make buttons disappear when they are too far. He
goes on explaining that interaction should be restricted to concepts that are big enough
for the ﬁngers. The reader can refer to ﬁgure 4.2 or an example showing the size of zoomed
out concepts.
The interactions to navigate in the data were judged acceptable for some, and perfectly
good for others, as expressed by B, There is no need for more navigation options. It works
very well like that. For most participants, however, the order of the navigation list did
not feel intuitive and needs to be reversed.
Input Devices
The four ways participants could produce their data are by handwriting with the stylus,
keyboard input, image capture and importing ﬁles. The ﬁrst pilot study was on a PC and
handwriting was not available directly. It impeded using the platform to its full poten-
tial. When participants C and D of the ﬁrst pilot study were asked what were the most
diﬃcult tasks with CogEx, both answered that sketches and equations, which could use
handwriting, were problematic.
The next two pilot studies have been conducted on a tablet with a stylus to solve the
handwriting issue but the sketching was not good enough and did not resolve the issue.
As L stated it, sketch (from CogEx ), I did not get anywhere with it. Most participants,
including L, used the platform to organize work they produced on another electronic
notebook application, such as S-Note or One-Note. The integration of a good sketcher is
likely to remove this duplication of work.M explained how he used CogEx in combination
with S-Note :
At the end of the day, or after few days, I was taking what I had done in
S-Note and I would transfer it in CogEx. Sometimes in the morning if I had an
idea of what needs to happen in the week, I would prepare, let's say, concepts
at the organization level in CogEx to integrate faster my things from S-Note.
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The usage of tablets highlighted an issue for entering text. The virtual keyboard on a
tablet takes up half the screen and is not eﬃcient compared to a hardware keyboard.
Participants tended to resort to handwritten notes on the tablet. As W said, the default
of the tablet is the keyboard and he went on suggesting using an external keyboard with
the tablet. The tablet is not ﬁt for entering long text as U expressed it : we can all
agree that I will not write down 30 pages of design report on my tablet ! I will go on the
computer for that.
The ﬁrst pilot study on PCs revealed that portability was important. For example, C
reported that I didn't always have my computer, so half of the time I would write things
on paper and then transcribe it. The tablet does seem to solve the issue of portability,
as no participant reported this problem in the following two studies with tablets. Still,
the tablet cannot be the unique work device because some tasks need a workstation. W
explained that for the project, we need to build CAD, we need to build models. That
cannot really be done on a tablet. It needs a computer geared for design work. Some
participants simply prefer the PC to browse the web or to work in general.
It was mentioned that ideas and solutions often arise anywhere outside the design activity.
A fast memo is often all you need to keep your idea safe. This requirement is not fulﬁlled
by the application because login is a bit too long and you need some steps to place new
ideas correctly. If you want to take a quick note, it is not as fast as a (paper) logbook
that you just open at the right page and Bam ! You take your note (V). Moreover, it was
suggested that a stripped-down mobile phone application would be a nice addition to the
platform. W described it this way :
Sometimes I do a session where I sit down and think about the project,
but it's not how I get most of my ideas. It was while doing something else. [...]
I don't always have my logbook, so if I have my tablet or even my cellphone,
then I can note my idea.
Organization
The platform presents various tools to organize designer's work. The extended concept
map is the principal basis for organizing everything. It is mostly useful to retrieve previous
work. The chronological organization can also be useful to ﬁnd information (X, L), but
only when you remember what was recently done. Figure 4.2 used above to illustrate the
extended concept map shows how participant L used it to organize his work. His work is
generally organized in three levels, where the highest level is the big parts or the facets
of his project (ﬁgure 4.2 (a)), the second level contains more details and sometimes the
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logic to solve the problem (ﬁgure 4.2 (b)), and the third or fourth level holds the details
of analysis or concepts, often with more handwriting, images and links to ﬁles (ﬁgure 4.2
(c)).
The functional organization oﬀered by the extended concept map was seen as more power-
ful to organize long-term work. Participant X reported that with the paper's chronological
organization, he keeps everything in his head, which is not the case with the way CogEx
allows him to organize his information by subjects (or concept). Most of the time, he
searches for a subject, not a date.
Most participants used almost exclusively placement of various boxes in space with sub-
boxes in them with little or no graphical links between boxes. U described making boxes
and sub-boxes as making categories and that it is somewhat the way I work in my life,
and it helps me a lot to navigate because it is just logical. Figure 4.5 shows an example
of workspace which mostly used nesting. Even if most participants did not use linking
phrases extensively, they generally found them interesting. ForM, links are one of the very
useful functionality of the tool. He explained that you can write the relation between two
concepts, it can be just a keyword to say how you move from one concept to the other, or
it can be about the process. Figure 4.3 shows how linking phrases are exploited in both
concept and knowledge spaces.
Participants recognized that the extended concept map oﬀers a good overview of the
work. The levels of abstraction have a role to play and V argued that the concept of
embedded boxes makes a lot of sense, because if you want to see an overview of your
project, then you just go see your big (higher level) boxes. The concept mapping part of
the extended concept mapping also contributes to oﬀering overview as U said it, concept
Figure 4.5 Organization of work mostly with nesting
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map is something I like a lot to get a big picture of the problem, of my system, no matter
what it is.
Most participants had not worked with concept maps before and there was a learning
curve to go through. It can be challenging to start the extended concept map, to build
the general ﬁle as stated by V who reported having changed three to four times his
general structure at the beginning. Some participants also found that it sometimes took
quite some time to organize the information while working.
Some ways of organizing the information can lead to deep nesting that increases complexity
and makes navigation harder.X remarked that when you have to go down six boxes, when
you go too deep, you can get lost in your ideas. However, the interviewer asked users if
they ended up creating too deep a hierarchy and participants generally learned to balance
their structure of organization to avoid this issue. I organized it not to go too deep (not
too many levels of nesting). I think that otherwise there are ways to reorganize things so
you don't make it too deep (U).
4.3.2 Designer actions level
Concept and Knowledge Interconnected Spaces
The C-K space division is mostly considered to be intuitive and useful to organize work.
Participant W expressed that he ﬁnds the concept-knowledge method is much more
intuitive than what I used before. (It is) eﬃcient and useful. I started to do that (splitting
C-K) in all my other work. V explained how it helps to reuse and expend knowledge ;
if I learn new fabrication techniques, or whatever, I put this in my knowledge categories,
because it allows me to really expand my vision and my knowledge.
Participant X noted, however, that he found the division disruptive, because since you
split your information in two, you always have to search in two diﬀerent places. It was
highlighted that switching between one space and the other can be distracting. This also
applies for switching between spaces for diﬀerent concepts.
Most participants only used the concept space. The main reasons stated for not using the
knowledge space are the following :
1. There is only a long-term beneﬁt that was beyond their project, as expressed by
V, in the short-term I only would have my project there [...] but I think it can be
pertinent if you use it on long-term.
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2. It imparts some cognitive load to decide what goes in knowledge space. (For know-
ledge) I try to think too much of what I will use again someday. I think long-term
and I don't know where to put my things in the short-term (U).
3. The knowledge is already available somewhere else. M explained, I could see the
usefulness writing it (in knowledge space) but since I already had it in my book I
was going to my notes. It was a one shot deal.
X suggested that starting from some existing knowledge base would make the knowledge
space more interesting and useful, it takes a good base so that you ﬁnally come back use
knowledge space.
Maintaining a Logbook
Maintaining a proper logbook is a habit that is not natural for many students and it
takes some eﬀort. In this vein, D suggested that we shouldn't get the impression that
organizing things in the software takes more eﬀort than paper [...] this eﬀort will take
priority over the future advantages (of using CogEx ). For participant V, the barrier for
using CogEx was earlier in the process, The main reason why I did not use it more is
really just a lack of time to learn new software in the semester, because I would really
have liked to use it more. The need for a digital replacement of the paper logbook is still
generally recognized by participants and is expressed in statements such as when U said,
I think that everybody agrees to say that paper logbook is outdated, and a lot of the
disadvantages of paper logbook are solved in your software (CogEx ).
4.3.3 Design tasks level
Project Planning Task
Task management is frequently, if not the most mentioned tasks during the project. When
Z was asked what type of information and what tasks are the most important to write
in his logbook, he answered that (it is) tasks to be done. It is important to have a space
to keep the planning. What and when things must be handed in, because often, doing is
not the hard part, but doing it in time ! For the planning task, CogEx oﬀered a task list
as shown on the right in ﬁgure 4.6. The last added task is added on top. This automatic
order could not be changed in the version used for the study. Figure 4.6 also shows how
tasks can be cloned in the workspace to make them visible where they are most pertinent.
Most participants used external software, such as Teamwork for their task management.
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They liked the collaborative aspect of such external tools because they could share and
follow tasks of the whole team. Participant X who has used Teamwork, explained that :
The principal functions they used from Teamwork were assignment of tasks
to diﬀerent people, assignment of the same task to many people, and sometime,
assignment of a responsible for a task that many must do, like giving back this
sheet, but everybody must sign it.
Conceptual and Embodiment Design Task
The logbook is designed to ﬁrst support the conceptual and embodiment phases of design.
This support occurs from the properties of the extended concept map by tracing the
evolution of the design solutions and by giving the ability to evolve the work around
any piece of existing data. Talking about the evaluation of concepts and the generation
of solutions, W pointed out that with CogEx, with its way to schematize, it is really
good. Similarly, U described that what is really a must, it can be called the evolution
of concepts, it is the fact that you can always change anything and you can always add
things right where they belong, where you already started something. When participant
L participated in the study, he was in the embodiment design phase. Figure 4.7 shows
his work and how he linked his concepts to trace his design rational. Although he has
not used any linking phrase, his workspace representation shows that he used analytical
calculations to choose his gearbox and to decide on the working range of his prototype.
Participant L explained how he used CogEx to support divergence thinking. In his in-
terview he was showing a central box with radial links pointing to various solutions and
saying, with your boxes, you can diverge as much as you want. I need a concept of rotor ;
well I have this, this and that concept...
Integration of Tools for the Whole Design Process
Integrating all tools in a central platform is one aim of CogEx, but the limited resources
for the project could only allow producing a subset. Participants made use of external
softwares in parallel of CogEx for these missing functionalities. One-Note and S-Note were
used for handwriting and sketching, Teamwork for team tasks, Google tasks for personal
tasks, and Facebook for some collaborative exchanges. Participants were asked about the
importance to integrate everything in a unique platform, and every participant recognized
that this is a very interesting aspect of the platform. When discussing the intents of the
CogEx platform, V stated that a big advantage of that (CogEx ), is that everything is
at the same place. X commented that if we can use everything, all in one, it is always
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Figure 4.6 Tasks and notes from a meeting
Figure 4.7 Representation of design rationale
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better. Just for school, we are asked to work in Microsoft 365, in parallel I have my Google
Drive...
4.3.4 Community Drive
The current study focused on the individual use of CogEx and the collaborative features
were deactivated in the pilot studies. Nonetheless, as outlined in the conceptual framework,
the community aspect is a major facet and participants naturally mentioned its importance
for CogEx to be more useful and attractive. X summarized it this way, If everybody
uses the same thing, that is certainly a plus. It would encourage me to use it more. If
everybody uses it, it makes us work together. Participants W warned that it may be
hard to bring everybody in because they feel that not everyone is willing to take the time
to get accustomed to such a new tool, I don't have the impression that the eﬀort to
learn a new software, that the motivation is there (for everybody). This participant still
think that, if everyone can have the same software that all work together to be able to
communicate, that would work much better than let's say Facebook. For participant Z
the logbook takes all its importance when comes the time to share information, What's
important to have in the logbook is all that can be easily transmitted [...] you want him
(a collaborator) to be able to see your map, your variables, what it all means.
4.4 Engineering Data Needs
Data usage is mostly consistent with previous research of data usage [Hicks, 2005; Mcalpine
et al., 2006]. Charts/Graphs is the only type of data from those studies that was not
mentioned in the pilot studies. The study conﬁrmed the requirements for managing all
these data types, but it also shows that the platform must oﬀer a competitive set of tools,
or else users resort to external applications and it breaks the goal of centralizing all data.
Participants were asked what type of information they used the most in their work, in-
cluding what they could not store in the platform. The highest use was almost always
for tasks and fast memos, often in the context of meetings. Participant B suggested that
tasks are good, but I would need them to be linked with my calendar to use them well,
which is an idea also proposed by D.
In CogEx, a memo is available in the form of a text box or a comment entity. However,
users need something faster, closer to the speed of opening a paper logbook and jotting
something down. For this, the application must open faster, perhaps without the need to
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login every time, and there as to be a way to create a note that will be placed latter in
an appropriate place. It would be ideal to also have a simpliﬁed application for the phone
for those frequent ideas that arise outside work context. Creativity studies propose that
after conscious work on a problem, ideas keep forming unconsciously and may result at
any later time in an illumination for a solution. This phenomenon is called the incubation
eﬀect [Christensen, 2005] and is a normal part of creativity.
The next important types of information are small drawings and handwritten annotations,
expressed in statements such as what I often do is sketches, some small drawings (X)
or it's important to do your base sketch and if you have an idea, you write it in (V).
Workspace of participants also shows pictures, most likely copied from the web.
Some participants were interested in managing ﬁles, particularly Oﬃce documents and
CAD ﬁles. Participant A explained how he managed his CAD work, I do a lot of CAD
so I use snapshots of my CAD (placed) in cascade to show the evolution. I show assembly,
not the parts, because that would be too long.
CogEx can upload and download ﬁles on the cloud. Although this works ﬁne for documents
that are meant to be read, it is insuﬃcient for ﬁles that will change. Oﬃce documents and
CAD ﬁles in particular need to be well integrated. The ﬁles must ideally work well in
a collaborative context. The plan is to use existing technologies such as Oﬃce 365 and
Dropbox to oﬀer appropriate support.
Also, there is a frequent interest for references to websites and literature reference. There
are mixed opinions if it should stay as bookmarks in the browser or be saved in the
project space. One solution to bring both parties together might be to synchronize the
CogEx bookmarks with a special folder of the browser's bookmarks.
Few participants mentioned they needed to write down calculations, which was primarily
made from handwriting as shown in the work of L in ﬁgure 4.2 (c). Other types of useful
information mentioned are videos, tables, contact information, hypothesis and comments
from teachers.
4.5 Discussion
4.5.1 Human Operation Level
The interface is designed with a simple set of creation tools always visible. This simple
non-modal design suggested by Balagtas-Fernandez et al. [2009] gave good results, with
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no complaints about the software being hard to understand and use. Coherent actions
for similar interactions and a paradigm based on manipulable objects were satisfactory.
Discussions with the participants allowed to identify that the visual presentation could
be improved by inverting the order in the navigation list to make it more intuitive and
by compensating zoomed out text with bigger and more readable text. In the same vein,
it was suggested that the interaction on items that are too small for manipulations with
ﬁngers should be disabled, since interaction is not precise enough and is frequently not
desired. These changes are technically easy and the overall conclusion is that the simplicity
and aﬀordance qualities pursued in designing the interface are successful.
Studies have shown that sketching is part of the creative process, and without it, the quality
of design solutions decreases [Stacey et Lauche, 2005]. A dynamic interplay arises when
the designer sketches. Some lines are exploratory or ambiguous and can be reinterpreted
to elaborate the solution [Stacey et Eckert, 2003]. Our eﬀort to support handwriting in
CogEx has been insuﬃcient and the current study corroborates with the fact that it is a
fundamental tool for conceptual and embodiment design phases. An eﬃcient handwriting
input is thus identiﬁed as a priority for the future of CogEx. Our pilot projects with
tablets also highlighted how the virtual keyboard is not eﬃcient and hides a lot of the
work space. The stylus is the preferred way to write if no physical keyboard is connected.
Eﬃcient technologies are available to detect and transcribe handwritten text [MyScript,
2017]. This is an interesting avenue and could allow capturing text from handwriting so
that the virtual keyboard is never used.
A tablet is a portable device with good potential for sketching input. It was found that
the platform still needs to work on PC, or at least it needs to oﬀer a bridge, since tasks
such as CAD, document editing and web browsing for some are preferably performed on
a computer.
The potential of the extended concept map to organize all design work is explored in this
study. There are abundant studies on the use of concept mapping in academic contexts
[McClure et al., 1999; Rosas et Kane, 2012] and the present study supposed that students
would naturally use the principle of concepts connected with named links or arrows. Ho-
wever, this study shows only little use of relations between concepts and students tended
to organize mainly with nesting and spacial grouping. This suggests that the nesting me-
chanism and the ability of placing concepts in space is natural or takes less eﬀort. Nesting
generally conveys a meaning that can be spelled out as this is a part of or this is in the
category. Nonetheless, graphical arrows with a short phrase to link concepts can convey
valuable additional information, such as design rationale. As with any new tool, some eﬀort
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needs to be invested to learn and exploit it fully. It could be part of the learning strategies
to make mandatory the use of named relations to convey more meaning. Moreover, with
long-term usage, the user will see more payoﬀ from is thoughtful organization and this will
be a source of motivation to keep exploiting the full power of CogEx. Overall, the study
conﬁrms that the extended concept map as a good potential to organize all design work
with multiple advantages over the chronological organization. Participants found that it
oﬀers a more logical organization that helps in ﬁnding work and evolving from existing
work. It also oﬀers an overview at various levels of details.
4.5.2 Designer Action Level
The action level is about higher cognitive process, such as problem solving and goal direc-
ted learning. Logbook usage and all the various data types are also included in action level
since they are recurring throughout the whole design activity. C-K theory explains design
at the action level with a set of operations between knowledge space and concept space
[Hatchuel et Weil, 2002]. CogEx suggests translating this by splitting the workspace in two
and managing project related data in one space, and the knowledge base in the other. The
study shows that in practice it is not that simple. Concept-knowledge division was not
much used. A ﬁrst reason is that there is not much beneﬁt on the short-term with a single
project and a mostly empty knowledge space. Besides, starting the structure of knowledge
from a blank space was hard for many students. It was suggested that a minimal template
could help in alleviating this white page syndrome. Nonetheless, most participants said
that they foresee the power of evolving a separate knowledge space to build and improve
reusable knowledge. It would be interesting to use the tool in education to build and relate
knowledge during courses and through the curriculum. This would build a knowledge base
that can be related to practical work later during integrative projects.
An important ﬁnding is that the C-K spaces splits information in two places and it can
actually slow down design. Moving from one space to the other requires changing the
focus of attention and inevitably comes with a cost [Monsell, 2003]. The space switching
cost needs to be removed, and we suggest that in a design session, concepts and knowledge
should be created in the same space, without distinctions or possibly with a tag to identify
knowledge. It is only when it comes time to reorganizing and reviewing that the user should
place things that he feels should go in the knowledge space.
We conclude from our study that the C-K spaces do have the potential to organize and
improve design work and to support learning, but splitting the work in two spaces does not
work well. It needs to be implemented in such a way that splitting is not disruptive. This
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preliminary study justiﬁes a future study to quantify long-term beneﬁts in the academic
context for the C-K organization with a non-disruptive work ﬂow.
4.5.3 Design Tasks Level
A parallel can be made between the tasks and the stages of design described in Howard
et al. [2008]. The present study focuses on conceptual and embodiment design phases. It
also includes planning. One of the goals of the platform is to centralize all design data and
thus integrate most tasks of the design activity. Although the platform still needs work
for this goal, the interviews conﬁrmed the value of this objective.
For conceptual and embodiment design phases, this study demonstrates the potential of
the extended concept map to allow the design to evolve over the existing data, to convey
the design rationale, and to represent an overview of the problem. Only a few students
took time to add design rationale information, but this is no surprise, as it represents extra
work that would not appear in the paper either. It could be made mandatory though.
For task management, most participants resorted to an external application, such as Team-
work and Google tasks. The CogEx project evolved with limited resources and planning
functionalities were probably not good enough compared to available dedicated software.
It was found that most participants mostly used simple tasks that they could organize and
that could be shared through the team. CogEx task management needs to be improved to
oﬀer a ﬂexible list of tasks that can be shared across the team. The study shows that tasks
are mostly assigned during meetings and it must be fast to create and manage them. There
are advantages in having the task system integrated in CogEx, as it allows contextualizing
tasks with real work. For the collaborative aspect, the task system helps to follow labor
division and can be linked to any valuable data inside CogEx.
4.5.4 Community
Although the pilot studies did not intend to study the collaborative aspect, our conceptual
framework of the design activity gives a strong place to the community and it still is a
major factor in the design team. Participants generally agree that the collaborative aspect
of the tool will be a powerful feature. Some mentioned that a big leap in motivation to
use the tool would come from usage across the team.
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4.6 Conclusion
The CogEx platform was designed to replace the paper logbook used by design engineers.
CogEx does not aim to replicate the paper logbook in a digital form. Instead, it pro-
poses radically diﬀerent ways of organizing design work to harness the power of modern
computer engineering. This paper presents a qualitative study that explored the poten-
tial of CogEx in an undergraduate capstone design project. The conclusion is that the
extended concept map can manage all design work and it is an improvement compared to
the chronological organization of traditional logbook by helping to ﬁnd information and
by allowing evolution of the design from existing work. It also gives a good overview of
the content and provides a visual representation that can convey design rationale. It also
identiﬁed improvements to adapt the platform for individual designers.
The study conﬁrms that integration of all the work in one central place is highly valuable.
However, the tools must be comparable in performance to the oﬀerings on the market and
external documents, such as Oﬃce documents and CAD documents, should be easy to
open and edit from the platform. Otherwise, users resort to other solutions in parallel and
integration of all data is lost. Discussions with participants reveal that the priorities in
CogEx are to integrate an eﬃcient sketching system with the stylus and more options for
task management.
There is an interesting potential to organize project information in one space and all know-
ledge in another space, as it allows growing and interconnecting student knowledge across
his projects. The study shows that participants did not use the knowledge space much
because there was no short-term beneﬁt and it was disruptive to move to the knowledge
space when work was going on in the concept space. If the C-K organization is to be
kept, the work ﬂow must be improved, perhaps by allowing knowledge creation inside the
concept space while designing, and only later reorganizing it. The full power of the C-K
organization is likely to show-up with longer usage through multiple curricular and co-
curricular projects and with CogEx in academic courses. This motivates a future long-term
study.
The current study focused on individual usage and is used to improve CogEx so it is ﬁt to
replace the paper logbook in capstone design projects. However, once the platform is fully
functional for individual usage, our next step is to unlock the collaboration mechanism
already built in and study how they perform with a pilot project engaging a full project
team. Once completed, this platform is good for designers, but also interesting for studying
them. In fact, a strength for designers is the centralization of all information, including
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collaboration information. All these data will naturally be saved in a format ﬁt for all sorts
of analysis. Moreover, the platform has a good potential beyond the academic context and
could serve for professional designers. It can also be valuable in all ﬁelds where paper
logbooks are used.
CHAPITRE 5
LA MISE EN OEUVRE TECHNIQUE
Les sections précédentes ont présenté un modèle synthétique de tous les niveaux de l'acti-
vité de conception et les solutions logicielles qui s'y rattachent. La conception informatique
de ces solutions regroupe de bons déﬁs de gestion d'information, de sécurité, de synchro-
nicité et d'interfaces personne-machine. Cette section présente l'aspect informatique de
l'outil et comment l'architecture, les structures d'information et les diverses technologies
choisies ont permis de mettre en oeuvre la plateforme imaginée.
Voici d'abord une liste des grands requis techniques :
1. fonctionner avec ﬂuidité sur un ordinateur personnel qui puisse exécuter Windows
10, et sur une tablette Android performante (Samsung Galaxy Note 2014) ;
2. sauvegarder toutes les informations de conception et y accéder directement via dif-
férents ordinateurs ou tablettes ;
3. présenter une interface intuitive et eﬃcace pour produire et organiser tous les types
d'information dans l'activité de conception (texte, esquisses, photos, images, calculs,
documents et ﬁchiers, références web, références bibliographiques, contacts, commen-
taires et annotations) ;
4. fonctionner à partir d'interactions intuitives et eﬃcaces pour naviguer, chercher et
représenter de diﬀérentes façons l'information ;
5. supporter la structure dynamique de l'information qui se présente sous la forme d'un
graphe ;
6. synchroniser les espaces collaboratifs et personnels en temps réel (entre les appareils).
Un délai de 1 seconde est jugé acceptable pour la synchronisation ;
7. être évolutif pour permettre une croissance rapide du nombre d'utilisateurs (de
l'ordre de 100 000 utilisateurs) ;
8. permettre d'ajouter facilement diﬀérentes fonctionnalités et d'interfacer avec des
services externes (Google calendar, listes de contacts, etc.) ;
9. accès rapide (moins de 5 secondes) à l'espace de travail.
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Dans le cadre de cette thèse, les solutions techniques sont présentées globalement. Les
détails informatiques dépassent la portée de ce document. Le présent chapitre présente
donc que l'architecture globale et la structure de l'information.
5.1 Architecture
Une architecture modulaire est conçue pour produire une plateforme qui s'adapte aux dif-
férents systèmes d'exploitation, et qui pourra facilement grandir avec un nombre important
d'utilisateurs. La ﬁgure 5.1 illustre l'architecture du CogEx. Chaque boîte représente un
module et chaque nuage représente un regroupement de modules qui agissent ensemble
sur une unité informatique. L'architecture est inspirée du motif d'architecture Modèle-
Vue-Contrôleur (MVC) [Krasner et Pope, 1988]. Ainsi, les informations sont présentées à
l'utilisateur dans l'interface (la vue) et les manipulations qui modiﬁent les données sont
simplement des commandes envoyées au modèle. Le modèle applique les modiﬁcations et
envoie un message aux interfaces connectées de modiﬁer leur aﬃchage pour prendre en
compte le changement. L'interface est responsable d'aﬃcher correctement l'information,
de gérer la navigation et de demander au modèle toute information qu'il a de besoin. Notez
que seulement les informations nécessaires pour présenter l'information dans le contexte
visité sont transférées à l'interface pour éviter un transfert massif de données. L'interface
est aussi responsable d'oﬀrir de bonnes interactions pour créer ou modiﬁer les données.
L'interface est connectée aux modèles de l'utilisateur, mais lorsqu'un projet collaboratif
est en cours, il est aussi connecté au modèle partagé. Les diﬀérents collaborateurs peuvent
ainsi travailler sur le même modèle de données et leur espace partagé permet de voir en
temps réel les actions de tous les collaborateurs. Chaque modiﬁcation est numériquement
signée et datée et sert à produire des statistiques et à appliquer les ententes de collabora-
tion.
La modularité de la plateforme permet d'adapter facilement l'application à divers environ-
nements ou services. Ainsi, seulement le module d'interface visuel doit être reprogrammé
pour que la plateforme soit disponible dans une application web. Il en va de même pour
exploiter diﬀérents services de sauvegarde, qui sont le role du module persistance et qui
peut être échangé pour fonctionner avec diﬀérentes bases de données, aussi longtemps qu'il
respecte l'interface de la classe Persistance.
L'architecture globale est construite pour permettre de faire grandir la plateforme au même
rythme que sa popularité. Les nuages représentent des regroupements de modules qui
peuvent fonctionner sur diﬀérents ordinateurs. La centrale et l'espace des utilisateurs sont
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Figure 5.1 Architecture globale du CogEx
uniques dans tout le réseau et sont responsables d'autoriser les utilisateurs à se connecter et
démarrer les modules informatiques nécessaires pour que l'utilisateur puisse travailler. Par
ailleurs, les modèles qui représentent la majeure partie des processus informatiques, sont
créés séparément pour chaque utilisateur et pour chaque coopération. Les modèles et leurs
modules essentiels peuvent donc être distribués sur diﬀérents ordinateurs. Pour démarrer
une session, un utilisateur doit s'authentiﬁer par le protocole OAuth 2.0 par l'entremise de
son compte Google. Le serveur d'authentiﬁcation de Google transmet le succès ou non de
l'opération au serveur intégré dans le module central. Si l'authentiﬁcation est réussie, la
centrale démarre les services nécessaires par l'entremise de l'espace utilisateur et transmet
un code d'accès à l'interface pour qu'il se connecte sur son modèle. L'espace utilisateur
est aussi responsable de la communication entre les utilisateurs et oﬀre les services pour
bavarder, pour visiter l'espace privé d'un ami et pour gérer les ententes de collaboration
et de non-divulgation.
L'ensemble des opérations entre les modules sont eﬀectuées par des mécanismes de Remote
Procedure Call (RPC) et de Publish-Subscribe.
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5.2 Structure de l'information
La structure de l'information est construite pour représenter la structure à la fois hiérar-
chique et libre de l'information. Elle est particulièrement pensée pour faciliter la colla-
boration en temps réel, la synchronisation de travaux hors-ligne, le suivi des auteurs et
l'ensemble de l'historique des travaux.
Un ensemble de règles et de relations permettent de représenter et d'interrelier correc-
tement tous les types d'information. Les entités responsables de structurer l'information
sous la forme d'un graphe hiérarchique sont les Model, Viewer et Representation. La ﬁgure
5.2 illustre comment les éléments forment la structure de l'information.
Le Model contient l'information sémantique d'un objet. Dans le cas d'un concept, c'est le
nom du concept et sa description. Un concept peut contenir un ou des espaces nommés
Representations qui servent à élaborer. Ces espaces permettent d'attacher des images, de
dessiner, et surtout de contenir des sous-concepts. Dans l'exemple de la ﬁgure précédente,
le concept d'une voiture est représenté par un dessin de sa structure, mais aussi par le
fait qu'elle contient un concept de moteur. Ce concept peut à son tour contenir d'autres
sous-concepts. L'entité Viewer est l'objet qui contient les informations nécessaires pour
aﬃcher le sous-concept à la bonne place dans l'espace. Le Viewer est un observateur
du modèle, ce qui permet d'avoir plusieurs vues des informations du modèle à diﬀérents
endroits dans l'espace de travail. Par exemple, si un objet tâche existe dans la liste des
choses à faire, et qu'il est aussi représenté par un Viewer dans une représentation d'un
concept, tous les changements apportés dans un ou l'autre endroit sont automatiquement
appliqués partout.
L'objet de base duquel tous les autres objets dérivent est l'Entity. Il contient l'ensemble des
informations toujours présentes : l'auteur et la date de la dernière modiﬁcation, le type de
l'objet, son statut et l'entité parent. Le type de l'objet détermine si l'entité est un concept,
une connaissance ou une tâche par exemple. Le statut de l'entité est normalement vivant,
mais il devient mort lorsque l'objet est supprimé. Rappelons que rien n'est réellement
supprimé pour conserver une trace complète de ce qui a été fait. Un objet supprimé cesse
simplement d'être aﬃché. L'entité parente permet de rattacher l'entité quelque part dans
le graphe d'objet. Certains objets, par exemple le lien entre deux concepts, contiennent
deux parents, puisqu'il n'existe que dans le contexte ou les deux concepts à relier sont
présents. Dans le langage de la programmation orienté objet, on dit que Entity est une
classe abstraite. Elle est utilisée pour créer d'autres objets, mais elle ne peut pas servir
d'objets directement.
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Figure 5.2 Les entités qui forment la structure de l'information
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CONCLUSION
Le projet doctoral est né du désir d'augmenter la capacité à concevoir dans le contexte des
problèmes complexes, souvent multidisciplinaires et collaboratifs de notre monde moderne.
Dans le premier article, on présente une synthèse des recherches sur les diverses facettes
de l'activité de conception. On y retrouve des modèles sélectionnés à partir des théories de
conception, des sciences de l'éducation, des sciences cognitives, des études sur les experts,
de la gestion des connaissances et de l'ingénierie. Ce portrait de la conception permet de
saisir l'ampleur de l'activité de conception et d'identiﬁer plusieurs pistes de solutions pour
supporter le concepteur. La littérature sur l'utilisation de l'information des ingénieurs et
sur les outils informatiques existant décrit les requis de base d'une plateforme, alors que
le portrait global de la conception inspire de nouveaux outils et souligne l'importance de
l'aspect collaboratif. L'ensemble des principes et hypothèses furent matérialisés dans une
plateforme informatique nommée Cognitive Extender, ou en plus court, CogEx.
Rappelons notre deuxième question de recherche : quel est le potentiel de la plateforme
informatique CogEx pour remplacer le registre papier des étudiants en génie mécanique lors
de l'activité de conception préliminaire ? Le développement de la plateforme est donc suivi
par son évaluation et c'est le sujet du deuxième article. Une étude qualitative constituée de
trois études pilotes avec en tout 15 étudiants a été menée avec la plateforme informatique
dans le contexte des projets majeurs de conception du baccalauréat en génie mécanique
à l'Université de Sherbrooke. L'évaluation est faite au moyen d'entrevues individuelles
autour d'un ensemble de questions ouvertes. Les résultats des entrevues ont fait l'objet
d'une analyse thématique dans les règles de l'art des méthodes qualitatives. Il en ressort
que la plateforme CogEx est eﬀectivement intéressante pour remplacer le registre papier
de conception. Premièrement, la séparation des informations dans les espaces concept et
connaissance a le potentiel d'améliorer la gestion des connaissances et des projets. Cette
séparation n'est toutefois pas naturelle dans le déroulement de l'activité de conception et il
faut revoir la façon de travailler dans les deux espaces. Outre ce déﬁ, l'organisation qui en
résulte est jugée intuitive et pratique par les utilisateurs. Plusieurs sujets des études pilotes
ont suggéré que l'espace des connaissances prendrait tout son sens à travers une utilisation
à plus long terme, par exemple, du début jusqu'à la ﬁn du baccalauréat. Deuxièmement,
les utilisateurs particulièrement engagés à utiliser le CogEx ont démontré que l'ensemble
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des informations d'un projet majeur de conception peut être organisé dans le schéma
conceptuel étendu que propose le CogEx. Les participants de l'étude sont en accord sur
les avantages de l'organisation oﬀerte par le CogEx pour mieux retrouver l'information
et faciliter l'ajout d'information autour des concepts existants. Il y a toutefois plusieurs
améliorations importantes à faire au niveau de la mise en oeuvre dans logiciel. En priorité,
la plateforme devra permettre une meilleure saisie de l'écriture manuscrite et du dessin.
Il faudra aussi mieux intégrer les ﬁchiers externes tels que les documents Oﬃce. À plus
long terme, vu la complexité, il serait intéressant de faire le pont avec les logiciels de
CAO. L'étude qualitative a été limitée à l'utilisation individuelle de la plateforme pour
d'abord assurer un niveau adéquat de performance avant d'entreprendre des études avec
plus d'étudiants. Il n'en reste pas moins que l'aspect collaboratif devrait contribuer de
façon importante à augmenter l'intérêt des étudiants concepteurs à utiliser la plateforme.
6.1 Contributions originales
Premièrement, le CogEx propose de séparer d'une part les projets, qui contiennent les
idées, les analyses, les justiﬁcations et autres infomations du projet, et d'autre part la base
des connaissances, qui organise l'ensemble de tout les connaissances utilisées et acquises
au ﬁls des divers projets. Cette séparation est fondée sur la théorie C-K de conception.
Il n'y a aucun logiciel à la connaissance de l'auteur qui oﬀre un environnement sem-
blable. Cette organisation a le potentiel de favoriser l'apprentissage et de produire un
meilleur suivi du raisonnement du concepteur. Les essais pilotes ont montré que l'idée
a beaucoup de potentiel, mais il faudra une étude à long terme pour réellement valider
les bénéﬁces. Deuxièmement, la structure d'information développée allie la ﬂexibilité des
schémas conceptuels, la capacité d'abstraction des interfaces à zoom inﬁni et la capacité
exponentielle de gestion de l'information d'une structure hiérarchique. Certains logiciels
ont une structure qui se rapproche de celle du CogEx, mais à la connaissance de l'auteur,
il n'existe rien d'aussi développé que ce qu'oﬀre le CogEx. De plus, l'application d'une
telle structure pour remplacer un registre de conception est une contribution originale.
Troisièmement, alors que plusieurs logiciels oﬀrent des espaces partagés pour collaborer,
il n'y a pas une solution populaire qui attache systématiquement un espace qui est privé
à chaque collaborateur. Ces espaces privés permettent de conserver une certaine stabilité
du support cognitif personnel et une forme d'immunité au jugement précoce. Les méca-
nismes de collaboration sont inspirés des communautés d'apprentissage et risquent d'être
fort appréciés dans le domaine de l'éducation. Finalement, la plateforme a été testée par
des étudiants, et bien évidemment, puisque la plateforme est nouvelle, les résultats sur
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l'utilisation du CogEx dans un contexte réel de conception sont originaux. Les résultats de
l'évaluation de la plateforme sont une première exploration du potentiel de la plateforme,
et quoi qu'incomplets, ils sont une importante source d'information pour améliorer l'outil
et atteindre les grands objectifs du projet.
6.2 Suites
Dans le cadre du projet doctoral, les ressources informatiques ont été limitées à un seul
programmeur. Plusieurs fonctionnalités ont été conçues et n'ont pas pu être mises en oeuvre
de façon satisfaisante. Ces fonctionnalités et les commentaires des participants aux études
pilotes forment une liste de tâches de programmation à réaliser avec diﬀérents degrés de
priorité. Une équipe de programmeurs sera mise en oeuvre pour ﬁnaliser la plateforme.
Les mécanismes de collaboration dans l'outil sont fondés sur des théories reconnues. Tou-
tefois, il serait intéressant d'étudier comment la plateforme est réellement utilisée dans un
contexte de conception en équipe. Nous croyons qu'une telle étude pourrait avoir lieu en
même temps qu'une implantation de l'outil dans le programme de baccalauréat en génie
mécanique. De plus, l'utilisation à long terme de la plateforme pourra être étudiée. Ces
études pourront contribuer à améliorer davantage la plateforme.
Le plan est de populariser la plateforme dans plusieurs universités et d'étendre son utilisa-
tion à d'autres disciplines. En particulier, le domaine médical devrait pouvoir bénéﬁcier du
CogEx. Dans un futur rapproché, nous nous attaquerons aux standards élevés de sécurité
et de contrôle requis pour intégrer l'industrie.
Nous espérons qu'un réseau d'utilisateurs grandisse et permette de connecter autant les
industries que les institutions d'enseignement pour atteindre l'objectif global de créer des
communautés de conception et d'améliorer l'innovation dans notre communauté.
Et la lumière fut !1
1Voir la section Remerciements pour comprendre le sens de ce mot de la ﬁn !
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ANNEXE A
Questionnaire
1. Commentez l'organisation de votre travail à travers les deux grands espaces C-K
(concept-connaissance). Est-ce utile, intuitif, eﬃcace ? Est-ce que ça aide à com-
prendre et améliorer votre démarche de conception ?
2. Commentez l'organisation de votre travail dans les boîtes de concept. Discuter spé-
ciﬁquement :
(a) les boîtes imbriquées qui donnent une certaine hiérarchie ;
(b) la navigation à travers les niveaux hiérarchiques ;
(c) les représentations multiples (parts, category, free) dans un même concept ;
(d) les liens entre les items comme dans les schémas conceptuels.
3. Quels sont en ordre d'importance les types d'information ou tâches que vous trouvez
lea plus pertinenta d'écrire dans le registre numérique ? Pour chacune de ces tâches,
commentez leur mise en oeuvre dans l'outil (simplicité, inuitivité, eﬃcacité, etc.)
4. Avez-vous l'impression que l'outil vous permet de devenir plus rapidement un meilleur
concepteur, comparativement à travailler dans un registre papier ? Pourquoi ? Men-
tionner vos expériences précédentes en conception.
5. Avez-vous utilisé l'outil au cours des rétroactions avec le professeur. Si oui, est-ce que
l'outil vous semble améliorer la rétroaction avec un professeur sur votre démarche et
vos résultats de conception ? Commenter sur comment les éléments suivants facilitent
ou non la rétroaction :
(a) la présentation de la démarche de conception dans les espaces C-K ;
(b) l'organisation graphique de la démarche par les boîtes et les relations ;
(c) l'intégration de l'ensemble des éléments du projet.
6. Qu'est-ce qui contribuerait le plus à améliorer l'outil ?
7. Qu'est-ce qui contribuerait le plus à augmenter votre utilisation de l'outil ?
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